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5 9-SS*!Hfrr4#aS. «fE5 5-*KTflll6|S 
titzftt'~-J±$:MmtL&3ftt. WSBBifrfkbiffi 

fc{~£>4. £«J:p=S:«jStJ:mr. 5 9-S«W>»tt 
SHWttfflSfii^S < &4 *3 &SM YWC 

±% zwxn mizt wx't 4 ; 

[0043] **«fc J: 4*«ZaSBOW8B4. »*« 

2 7 taa<o ± 3 fc. «*« 1^23 aiwrtup 1 « 

-A & filE3K^S^aw 5 5 -mU<7) S 5 -ffi^AMS 

fcifcfc^fcl&fcStf 4fc*>«0#8i: fc3T*"4 £ fc fcft 
4. £<9J:3*«JS«Wfc«&SS»i. *^S^B$r<S« 

flSiJ^coMW 0 Wtf'hS V ^T»J8tt<0BT fc (Six 
4. ifc. 3e6B6ii0 5 5-S«kUT*S<»K« 
Svifctf>£ttffl?*4fc*>. W^l»f-Ait«| 

[0044] *«BHt i 4H«aasino«fai±, is* 

$ 2 8 fciE*J<9± 3 fc , ff*lS 1 Jbm 2 3 <7)V W 1 
JSiEfieDftjSESEfc . t?l£iS»ffl8ftfc , b?IE3K^ 
|£EW$5-g«^$9-fflMEif:<I#fcJ:oT£il£ 
ftjt3fct*-A£AM$#4;ttf>tf>#&fc. HiflES^-ffi 
t'R»Sit^3et'-ASrfrfE#m«ffiffl»ft^ffiS'* 
4££>0#Kfc £*U MElE^fi-tt= UstfofcHE 
'ttflUmEff «!iMB#ft±fcffM£ft 4 £ fc fc*4 . 



ff 5 £ fc anro&ra 4 1 1 fc fc. ?ign£^at/ 

8?Rtee>ffiT'Syi4. 

[0045] lW*Jf 2 9E«tf5«B^i, £ >5ST£«r 
$ftftt*-J>£ffifot4$9-g«fc. ItriEiaCO^ 
EHSMfc LTfJfES y-m&Zte 1 9»£-£4 5 9- 

»#Sfc, 9— f-yrwswc, mrie 

S »BSttK»lR5<i3t 5 9-SB#fc . I5IE 

$r^4£fc^Sfcf 

4. 

[0046] M$$2 9E«<0«BB(c ifitf % h?IES 9 
SWBRtJg«3iifcS9-ai»t. B51ES9 
-S^c^-f4*¥*fc. Sr*T4<^t\ S 

y-mm^mmm^ti, %%.Ltzt:-J>.Bttznz 
z fc mm 5 7 rs-aftr* - fc 
4. 

[0047] M5RII3 0lE«<O» B ^i. M*«2 9E«5 
<0lSi!lS9— f--/rt:t>V^T. H51ES9-^(i» B'jIE 

[0048] IS*II3 0lE®«Ol6BBt- iflff , filES 5 
-SGftli, ME#W 5 ^$^4ffl!!fc^fffi!ltS7-ffi 
$r*-f4«T'. =7-E<7)^:ffi5: : fit&« | Jffl-r4£fcA { 

[0049] M*II3 llEKOf&BJ3(i, «*)B2 9XU 
3 0fEaw«fiS7-^--y7°tfc^T, mflEW#i±. B'J 

[0050] it*ii3 nmn%mz£tiif. I5ie*?# 

4ffl^^<"r40T\ i&#B#Cfat»3&£ji4lsnEII 
a^SSLT. «j^B#(cfcft4^*0^t > )^l*]0^ 

^«J^4;fc* i T"#4. 

[005 1 ] SI*IS3 2iE«<0» H ^i. W*II2 9^ 
3 lcOVvfftfrlillSi^JIiSS 7-f--yrtCfcOT. 

[0052] mcj&3 2im<r>wJte.z.tiii* mwm 
a. mmtokmt&mtmmiG-r&nx'. 

$gt^t*-A^^tf4£fc* ? T'#4 <> 
[0053] 11*11 3 3IEtt^«W»4. «*IS2 9^M 
3 20V^-f^* 1 liIIEIKWlil()5 9- f-vrtCfc^T, 
ffiaiUM^LT^S^T^O . iflEHWSttO+'t^ 
31 0 MIEEHeW fc 4 LXWtf&X'fo 4 . ffl 
^2r*-r4dfc^#Sfct4. 
[0054] 11*113 3%mv>%.Wlz£tll£. B5IE13S6 

- mzMLxmrnkx-h o . MEie]iEtt'04"i:^3i- , 3-i?ie 
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#4. 

[0055] m%m 4im<7)%pm. mm 9m. 

3 3<D^-ftifrim?McoMW)Z7-?-v7fcii^X . 

&<7)frt'co'J>-%< k 1> l ott. dfiBK»*8*i6i k £ 
[0056] «««3 4E«<0»BBfc: iiiif. HEW* 

[0057] imm3 5Kan*mt. m**2 9 m. 
3 4 ovvfM* 1 qgett^sa s 9-* vmts^x . 

[0058] If*ifl3 5BB«WHfcJ:*itf. ttiEfWfc 

[0059] fii*if 3 6ESL0Bmt. «I3 1 
3 4 <D VYffu&> 1 lMIB«Olil!l 5 9-f- 7 TtfcV^T . 

[0060] H*JB3 6K*fc<03fe9iG:J: fcJf, iwfB«3i 

J:9<t<0Bltt*-HH3fi*U io^-SHNiS*** 
«fc ¥il1iO«^SffiJK$:^i.-k* i T'# 

4. 

[006 1] 11*113 7B«<0»5B4, S*JI2 9 m. 

3 4 ow^n* 1 mfflvmm s 9-?- ^cawc . 

[0062] 11*113 7BttO«Wt:J:<xtf. 15125 9 
-SMHi« ffilBfc t O^^'CWMB 5 y-&ft£M 

[0063] §t*JS3 8B«»WWi. «* J S2 9 JbM 
3 7 vtffia* 1 JHEtKoSW 5 9-f- rtcfiv^t . 
I5IB5 9HHH4. SHBtafc^MMTCt&SSfr* 

[0064] |jt*JB3 8IBtt<0«BBt iWf , mifBS 5 

4 £ k #T'£ . Lfctf-4>#RM** £ k tfTS 
" 4. 



[0065] M*H3 9f9B*>W8i. I«* J S2 9T& 
3 8 O Wf fob* 1 miW&Wm 5 5 -f" 7 7 fcfc V . 
H?IES5-SI5^(±- J: 0 »«8<ti £t^«ft 

k-rs. 

[0066] MSB 3 9lBK^BBtC«tiUf , 1MES 5 
liffg£#-t4?lJ&$:iSffi tT 5 5-SI5#£f£H-f !>£ k 

4. 

[0067] M*il4 Otmmmt. IS*II2 9 7b 3 

9 to v vf n*» l JflMf BiSSoif » 5 y -y wc s 
mifBS 9-IBIl¥BBi. 19E#M*:fcR»tA><ifc™M 

[0068] 11*314 0K»O»flfc Jiltf « MBS 5 
-BID^RJi. WE»*C«!Mtfe*ifc^nwai; . MB 

«riwffi k Mf6]-t sea t^M8 h m%Mm t . 

«ffi^at* 5 ffimrj> o Kit =3 x h *«s < . » 
m x < s 5-a«$:iet!rr * - k a . 

[0069] §**JS4 lE«^BB(i. 11*114 0IBK 
T*4£k*!|fStk-f4. 

[0070] It*if 4 UiM<mWlz£Mf . IWE^ft 

iBISW^^#<-f4£k* { -C#, S7-II««i 
«Sr^<-f4£k* { T'#4. 
[007 1] »*IS4 2E»^ B J«4. ftft^'i- 
;Kci5V^T , lt*iI2 9^M4 1 cowftdj* 1 3Sf»0 
ffiiSS^-^-'yTJ:, mm$y-*-y7X'Mftl<K%. 

tr- Aoaaww- k . friBfStt s ?-f 7 twmb s ? 

[0072] 11*114 2iamo%BJ(C«ttL{f , «*IS2 

9B^4 1 ff)\yftdy 1 isiaa^iis 7- f- 7 rfc . 

KSiS S5-f7 TT-ffifl t'-^<03iaS*k , 
1(flfi» 5 7 -f- 7 7-<7)MB 5 5 -IWS^II-f 4 

««SS»*»fi»Sit> ^Lfch*-AJgtt?:f#4 Z t *» 
"C* 4» 5 9-f- 7 r^rfiii. 4 Jt^E^ S> 
tt-t4£k* J T'#4. 

[0073] 11*114 3fB®O^BJIi. tt*lS4 2IBfi! 

■y r^MB 5 9-S«±T'b!1B^ b*-A ££SR»Stf 
4RSt3t^S-ffllt4£k?:!t$®k-f4. 
[0074] m*II4 3lB«W%B)5tcJ;iitf , $ A>(cfi 
1B«I S 9— f - 7 7°<7)lirlB 5 y-Wfc±X'miZ% t'-M, 
&^fiSJt$^4RM*^5:«i^4^T\ 5 9-«« 
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[0075] n*ii4 4 %mmmi. *jeiaaifc*j 

jmil«!4 2X124 3ie»<0ft?fefi*xa-/l' 

[0076] I»*Jl4 4Bttfl!)JWfcJ:Wjf. ftt'-Z, 
*«£3-£&*IR#Rfc. I»*-2>£:7g3£-fl>i**« 

1 4X(ii siEKcoat^aE^^A-^fcs iise^st^ 

£ . WM 5 ?-fv v *>"CJIBHa»*'J''fflft 

I.. 

[0077] f»*«4 5tm<mmt. man 4ta& 

c03^$^aCfcV->T, l5IBSI)55-f--y7 , (i. mil 
S 5 SfUlfflk RttllK 5 7- 

^*^S9-SU^k^U-Cv^v%KfieS 7-®?> 

i&e*t*-A#R»-r t £ k zimttz . 

[0078] 1**J14 5fSa<0%BBC J: fltf , mEMW 

[0079] w*ii4 6im<7)WMn, m^m^Mmz 

SWC. fg*«4 4Xt±4 5E»03fc7£33SBk. §3t 

[00803 1**314 6IE«w»!Bfc:J: W*. M**4 
4 XJi 4 5 IB^c03^$^« k . i^tMC £~>X 

Tthi— &H»KlK^t&«sW5ks 2r<®^-^co 

t'-A^#£#l> Z kffX't &«ttS 9-f-y7tr«A 
4B«JBJS8K£««U fil&S^-f-yTWST* 

&*. BW^asr/j^b-ri.ik^r^, s&t, 

ftjSSSHoMHK Sj£/h$<T£.Ik#T-#l>. 
[0081] 1**114 7Ett<0»!3Jtt, 9 



x-yj-y?iz£ ones £«a-r*>»i 

[0082] !**>14 7lB®W%HHfc:J:it«f . OTESK 
OMies ?-S#*#Jfi-f *M*>ffltc. 4«5r< k i> 5 5 

k, 1WE»«O«gE5 9-»»*»*tifflkK*4»0 
jaSrS3i-f-5JlfflXT"/7'k. Sr-S-OOf, 

[0083] W*«4 SWBfMmt. 1**114 7|E« 

mtcrr* ^ y 3 >-s«t* 0 . fries 5-«*tr»* 
k-rs. 

[0084] M*il4 8lB«c0^tcJ:ix(f. mfieS« 

itioffit'*s<7)t% x7f-y/ffiui^wffi±<o^y 

ny^^^lcx7f->-^-tl>£k* J T"#, SB 5 5 
[0085] l**«4 9SetK0«BBii, 1*^4 7XW 

[0086] 1**^4 9ffi&<?mmz3Lil\i . fTlM 
HBK^M'f * £ k {ci v S 5 -SltfHoiS:*) »$A(= 

smarts dk*«r# s. 

[0087] 

[*IBtfM*tt^»»] GIT. 8SftHffl«r#StT. *^ 
[0088] *3%h>10^ 1 WHSIMtwJ; l>^^^SO 

mz® i t^-r. 1 1 w ( a ) (i3t^^a^BS+ 

mm®. ( b ) {43t5SSKB^«*KBiH'C**. 

[0 0 89] aicti^t. ioms.y-mmx'h r ). 

^<7)Jt(S]Lfc20(Offiai09,110co4 , *gST. -ttfiLk 
(£Wt 4>^it 2 *Oia t ") mm , HBlc J: -> "C £J*3fi 
TV>I,. S 7-*&101ti. b&jE^<0T^^B 
(01 (a) t<i±ffl) Cffiffl*t»L+a>=SrRS«Sr 
fc-3&SCTKU5**5?-ffifcL-nEaS$*U ^<7)T^ 
gpo«®t»a!kLT. iat0^102,103fcil3<-r?. 

*i*ifc:gt/4ffiifflia<fei2i (wt, y^kiet.) * { «- - 
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mk&KXBfcZiXtzffi@X'h& . 5 5-M 10 14) 
HffiKfc^T, I) :/121c7)ffiitKW/ISU±it 0^102,103 
<0Jf?fc|s]-i&-?-O^. -3^0. i<7)'J7"^I^I- 
(nfflmt. iat 9^102 J03J:9*lVM*]&#fIfififc&-? 
T^l>. iat0^102. 10314, ftfc£gm.t LZ<mtc 

[0090] z.<r)^mmm±. tm-ftzmm lx , $ 

7-«10lSr®102,103l:iat DBSEttt LT&ftSW 

o , zti^mmmt txn s ^ — s^ioicosssB^'fj 

[009 1 ] S y-mMm<DmQ2,103l,Z-£ftZtlX^ 
&V^105,106(4«itt^#£&LT;B9. m-&&<7) 

m^mmmiLxim-fh. ttz. iy-mmmom 

02, 103tcS^$ilt^l.SSgP109, llOtiBjSt^*^ L 

xm. ztitmumzjimzi'tiLxftyu-A.uo 
izmihtitz. mt<mmBmmmn®jmmm, 
u2t. -vrz^tcxxttftisX^h , c\om 
jatsm. mtmtt& s 7-s«a5io9, noosa- 

[009 2] ^U-AlMfcj^U-A^iSWtttf 
flfrfc&S-fleHB&T*'). *<0«Hfctiie»Hflll3 
;Wjfc$*lT^2>. ^7l/-A120WrtaWBB<'Xei6« 

^±tc{4, zy-mmow&m. liofciHBWrf" 

«4»(=1ICIB*MiCnill. 112#<Wi«WMM< 

a«101J:9t»*< ! ar->T*J l J, 5 5-«*fflSSl<». 11 
OfcHJ&tfflll, U2ttt»K)i$*l*ltc1'feS<t. ffi 

[0093] ttz, ft? v-^m><n-mzMmmm 

@^m®107. 108 fc. ^7U— A120<Ortil4affit^fi6 
S*ifciBttfflH5e«ffllU 112J±s ^7V-A120Og 
ffifc#£3ftf:^ ••/ K116. 117fc BBBKJB^S flfc't* 
M18, 119* I # flT H S „ 

[0094] z.<r>io %m&<o%jfe£mm<7)W)ftzffl2 

iXffiftf & . 2*£O^102, 1031 Tift £ ft*: S 
7-S8E10H4. ^7 U-A120±C^StL^mffi5l# 

ffiinrii2CMx{f 5ovosEs-6paD-rs , W£tf 5 



21 5 5 -S«101cO«gi5109, UQbOffl lZtf%3 i?j #i& 
5 5-g$101te§£102, 103J4fc 1 9 mfflfot L 

TH*RB§ft(no*i«it»$ii, mmz. ®2 

(a) (CHAT'S o X 7jk~$~2. 0 lw , S7-a«m09, 
HOtfSi&fflllJg^ffilll, H2fc 2> &M& V 5 
5-*K10ljWi fcfi* Z b «fc 0 , B«fflEffie«S10 
7, 108 5 7-S«10lcoffig|5105, 106t 05|i]{::fii&li*& 

fcKBflt-f&zitfg^xh*). to-tuzz^xmio 

2, 103<7)fr t •JWtt**** t)i8»fcie^g^ 

[0095] ie»fflHS«ffilll.ll2^0SffiEp 
JP^ffirOi: ^(zffinfflffl€<Sl07. KBtMitf »V 
«mE^EPiirfl)fc, PHtfiit 5 5-S«101<7)^10 
5.106i:«5liItft<»«3l*fcailQ2.103<Oiat l 5Hlttt 

iot. s^-SKiouii^tfEiOJSrUdfcfifii. 02 

( b ) C«t J: ■) tc 5 ^-SSlOl^TfflBfciOaL 
fcl^jStW»fflfiaeiB«107 , 108^comE6PiD$r ESr^ 
fc, S^-^lOKitltt^-^O-htiD^H-Hl 1 }^ 
mtSfeKSfch.. ft»Wfc02 ( c ) iz^tiolzmt 

t-^ >ht mm, io3<Dfr 1 0 aft t 0 $> 0 m. 
tx-wtih. ^<m.mzwmmm^Mmm,\mz-m 

VEZmrthb. t?m3l7Jfc^l02.103<7)fct9iltt 

bizx r )iy-MmoniRmnm r )ijmzwti6. % 
LX.m2 ( d ) <0 i 7 1 s 7-smoi^w*¥ft 
Btc^ Lfc^TIB»fflil5eWil07. 108^omEER!lP 

^Br7fc, iy-mmoum&^-tyhbmm.m 

[0096] ico J: 5 ^rlffl!)fflilgSffil07. 108K J: 4 

s 5-««ioi<offliD^«ati s y-mmowj&m®. 
mzikfcthz tizx *), Bmmmzs&m. imzx 
llgamagfiLt 0 i)7c#=5rffifift"C'55-««10l^ 

[0097] i<oi-5*8«W5rffit:«»t*. 5 5-^ 
ftbWMWX<?>9 A =y^03tc^-t. H^Oid 

iiSr^tLT, ^^A ? 0t : 5:.Sat&+*^tfitT$7 

[0098] ^mmm^m^mzis^xit. 5 7- 
s^ioi^sm^7<# < ttz 0 tx-imefm*-* y 

01£O^^^mWtc:ilPtl.C:i:* J T"#l). <fc->t\ ftS 

ft. $Mitzv-j*mftx'<o%^i) f sjmx'hz>. % . 
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U 712111. S^-SMlOlcOtltt^-^VN^liD 

Cff»«Ti55. *fc, 5 5-S«101«3SBilS61 
02, 103A^i©l£gMK'£ *mMm?)i. 5 

K*102. 103fcH3Tf 4* WfcKtf * 'J 7l21fc **itf . 

4. S7-*K101W«SJ<O8ffl (5 7-®i: 
Rft6*L&y7l21tt. 04 (d) &tf05 (e) ICR 

mtxmmthJioiz. yvoymm^wmzx-v^y 

[ 0 0 9 9 ] <Xt . JSLhtRSLfc J: 5 $r«WW>#fW)3 
<7)^^S<088jt^ffi^-WCov^T. 047OT6 

ie<7)m2»£0ij, ^3mmmMfm4mmm<mt^m: 
[o i oo] 3e^asai<os5-a«» fat 9*. 7u 
tts *ti?ticDm£mimcD'mtLx&mx"Z 

[0101] £■? . MffiW®?iifcMi-tfff?200^m 

y-fht&xryi* 9 b LTaffSSBJfcl'i'*.* b2022-gij 
XlflOO/imcO/I^T-^-ri) (04 (a) ) . CL-IT 

<. ^v?ymcommkbnQQuTncoyV?yx-v?- 
yfmzi*-?*-? b Lxmz>WS.lz±* < . *>^iyf 
V^ttfcttSafcto*?* * J: 3 fc«fl?«Miir J: < . 

[0 102]»:£. ^^Ui/'XhJi*, sstfe-fSit 
T'rt7 V-J± : m$Z>1-9--y9'-$h (04 (b) ) . 

[0 1 0 33 Z.<7)VyXYi-?X9tLX. iff^ 
38*0*** < H^ttcOiSv i F:Mx-y f - v /US ( I CP-R 
I E) £fflv ^X . y'Jn >aM2r 7 U-AJ&Klcflktf 1 
00/imOai$^-Cx-y^y^^4^l) (04 (c) ) . 

[0104] wjzhmmm. mzitdk. 
m&z titz&mzmzffi&igMi&i'^z hznzmwi 

m2\<m^z^9--yy-th (04 (d) > „ 

[0 105] %LX, Z<r)U ! J*h£~?X7bLXs 10 
0 ac m * -C» < Ltzm<r> y 'J 3 y Wg& K7^Xyf 
WSSIIU CP-R1E) £JB WCffififfl 'J 7121«0##C::W£ 



(e) ) . 

[0106] ^wy-h.mam^.zx.v^yy 
LtrntdLttWiyvvywrniz. im^Mm/v*. 

yya ymmm< t j:'>fcffl$v>mmi . s ?-s«io 

1&U^102 , Y)l<m^XZ>^--y9''fh (05 

(f ) ) . 

[0 107] zwjxy*-?*? bLX . I'/fy/ 

y^r 4 i t y -as«ioiRt/»io2, mzmj&t 

h (05 (g) ) . dO-to^ 04 (d) &tf05 
(e) KMaLTBlWLfcJ:3t:, S"'J3V*«£EPR 

tx -y^y rsim m-itzsm mm v^mttx 

[ 0 1 0 8 ] mXmX"?z?b LTWBLfcUS* 

<0*feS^t LT«WtWitrJi3 1 wm^Si02 ^2 
05*»jS-r* (05 (h) ) . 
[0 109] &fc7U-«kftIJSgffi<7)Si02 

isnfflD£«siii . ii2awranfflffle«»07 , lost -e 

fl^^?l#aiLffl^-y F116.117,118.119i: : 5:4^«Ji 
^206,207t LT, ^i«300A/I$OTi?ilK$-^>''?-y ^ 
ST^Ii LJtfttMx (fl200AJ*$ <0Pt jfMSr^.''^ v 

9mx-fimL. $^£. s^-s^fflws^-Et^ 

*£HSKll5fc LTA1 SfflB08t»|jtr4 (06 

( i ) ) . dii^^M^ts nmwynjm 
liz&mmm&B&zti&^oiz* tstt^^fv^ 

fc*arrtfw>*w*»fei«Ktfc. zzx\ tishbisi 

02 BLfCOPt ||i|o«3tttfei«lh3*6fc*<Ot<0 
X'hh. «r*J, C^TIiPt jfH&«SW4fc LTffiv> 
TV^#, ^SttA^<Si02i:^-*tt* i ^T-#iX 

-fimxmxx^i.^. 

[0 110] mz. 7^-Aa®<D-S5<7)Si02 M§r 

-^209^^-fS (06 ( j ) ) . I^'J3V« 

Jp-f4^f>W>y H114fc LT^Al ^H210?r^^/P-7 
X7?rffioTE£ML, -tili:««i:»ia<0«S(ffitt*T 
ffSTt^CXTCW^aiaSrfi 1 -? (06 (k) ) . 
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iz^xmn^mtxwmti. mi (a) \t=.y- 

S1K<OSffl0, |s)0 ( b ) ti|s]0 ( a ) (OA- A' Brffi 

mx-hh. 

[oii2] *mmMco%jE&mmzt3^xi,i. mux 

¥&®<vmwiz. mien i mmmt mm^mm, wit 
mz-th-KWzmftzwm u 7-121 vm^tiiiK 
muw, 1 mmmtm 0 . ^102, losmGUMfc 
■^■otziiLmzm^mvyma, i2ib#i£ft£>i>. * 

y-mmoi(omm, mbn&it&vmzimm, 10 

3^J¥$i:|S|-^60^mi:^oTV^I>. L£**oTs 
?i3£ffl 'J 7121a. 121b*»«|V^t:Jt^ §£102, 103fc 5 

7 — afi«iioi t mttxtfim* i . 3\saamof§a 
[oii3] *«woai3<o5e»ef!ttJtt43e7aaffl 

{C-ov^T08S-#BiL-ClMBJtl). 08 (a) ti = 7- 
g$«9g®0. 110(b) tiRia (a) OB-B' Bii® 
0T*ife£. 

[01141 *S*«fifWMB63iaat*J^'Ctt. 
JfS**30jum s ^Sj&MmiOO 5 5-Slgl01tf)¥ 

bLXm&bZtlh. 5 7-*fll¥lSa5^12 

1 . 122 1 istes *u mummmm^teb 

[0115] *Mt0to^ftKK££vvctiU h5j£?> 
i 9 «r^*Oll!fcffi U 7-12HC «£ ot5 9-3HR101** 

s 7-«mioi<7)^io2, io3t &£-t&®mimo2, 103 

i:|I]t;60;umO)f£fc&-?T. S9-«ffil01i:^10 

2,103 t<m$ i mtf®m 1 omanrrs . 

*fc. »fflllS«SfcMlfi]1-|»5 7-»S4ffilEl5{i^il 
Wit LT^****** i04B9W)ffSti«aifflU^l2 
lOtf/cffifflD L 6 0 ju m fc SrS ME&IU5fe0iJ i 

1 £ J: 0 ffiv i«ETWH8 fc * 2> . 
[0116] jfWRVWiA^tWz&tfhftfcgMiW. 
\Z-O^Xm9*m!kLXW>fttb. 09t2S ; 7-ffl£lO 

ic^g®0T'S)i). mmizuktzoiz. xmrniza^ 

Tli. 55-a«10U±, &ia2.103£Ji3/C£ffliB8B 



■3 tTiBJK^ti. $7-mmow®.<& ; t-*>h(r)m 

ffl3$fflU7'121(i. «HEJB3<»)*IIWf:B*C*S 
■^ttfcJBJftSfU »102.103fc*6£3*L*««R 

%.*\ft±.z-ithCLttfX'%, ttz. ^wmMemmzvi 
±^xmmms.co{mmtmhLt-hK'% * . 

[0117] *^co^5WieS6{fiJtfcttS3t^3^ia 
Cov^T0 1 0^#SgLTi»afr*. 01 0<7> (a) ti 

*^$^a«ostn§4'*a!T®0- ( b ) (s^^ga^m 
B6Sffl0t'*a. 

[0118] *y-mmn<nMWtozWl&£$Mb 
HttCtM 'J 7"l2l#i&«-£iT.&A { . 
TUU : M3Sffl , J7'121tLT, fat 0^102, MBfcBftL 
T 5 5-£«101*SWJS U 7"121dt , S 5-*«101<O 
*l>J8£*8k' O-fS 'J 7"122e#iS«-£ftT^3> . .Ht4> 'J 
7m<0«ttl4*<0«3a«fc t 0^102, 103k H-fc Kt-o 

m^mzmmtz-ix^z,. 

[0119] *mm<r)£ ^fcRttfrK >- 

U3>-*^5rl»S9-»KO«JI5r2 0A(m, 

4mX4ii«fcU 2.5kHzT±5* <7)Jg^TlS» U?t 

[0120] ttmrnmy-gmoix-u. ztizm 
mv-th v 7"i2id#::<7>^£i£$-f & t mmiz, zti 
tw.mmmi>i&m%. fat 0^102,10 

3$:®^LT S y-mSHOHSM-fb 'J 7*121eJiS»0 

4>'Mio(aaassr m±§ 

[0121] aLhiK B J L/S»5<0HitWO3lseKSlW 
SBt*^<0-^ltco^"C, 01 27b^01 4£#S3tT 

[0 122] 5 9-36K. fat9»» yv-j^mPtt 

[0123] i-f s MWfa$it^WS200jumC7)>'»J 
tz#>ff)1X9 b LXm>%M&yVA M2025rl00^m 

comzx-mmz (01 2(a)) . zzx-mtz-?* 
?Vibi.x\t. -/vzybomumtiK, x.<y+>? 

[0 124] mz. ZWVitXYifflt. W&tbZb 
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T'rt7 l/-A»^"->^t5 (H 1 2 (b) ) . 
[0125] ^ojl/^hS^i: L/C, x-y^-y;/ 
<^SrttwSv^ F54 x-yf-y^Uff (ICP-R 

wsssa-cx-yf-v^TftS-fft (012(c)) . £.rc 

»*S ftfcx -y f - y?mB<r>8£»»£ . aigTSM 

[0126] Ui>*M202£jgfi?. »£U:«. BMW) 
Wti«fcilt^i«UtWJRW^ M203fcl00/z 

mcow^T'i^t. lift, mm-zztx-mvym 
mw--yr-t& (Hi 2(d)) . 

[0 127] *Lt\ ZC0U~/Ah*-?X7kLX. 10 
0// m 4 < LfcSWtoi/ U ^ y «« £ F 5 -f X 7 f- 
y^KlCP-RIE) zrfflOT50/i m(0?I$ 4T'X-y f-y 

h (01 3(e)) . 

[0 128]ftt. xUny^l*I7W~A^tCXyf- 
y^LfefflfcRflWOlflt, *tt*W»U^M204t 
100*tm<O«St?ieSL. IWrtflKo^'JavaMii^i 
<£ofcfW&OKE£, 5 5-20KRtfSB#Rt>t*- 
-y^-f* (01 3(f)) . 

[0 12 9] Cl<DUj/'XF£-?7.?i L/C. lyfv/ 
aLK* { 7c£ < s*ttco«v >K7^fxvf y ?'§£fi(icp-R 
IE)£fflUT, i/'jaySKSJGi-fSi'CK^^Xv 

^y^-r^t-es^-ssL mim&ti (013 
(«)> . 

[0 13 0] l/j/'XhM. H*Lfca, fflS£ft£ 
SRfcfcU S1KJ:<9f&iSi«f4fc IX&Wt&iSlumCO 
S i O 2 g|1205Sr^t-|) ( 0 1 3 (h) ) . 
[0 1 3 1] &t, ^V-AP^iicOSgffiOS i 0 2M± 

Ti»K300A fcX^-y * i£T'j£JI Lfc* t tl200AWS 
OPtifJSl206, 1207£*M'-y fmX'f8Mt2> . £ 4>t, 
S ?-a6K*fflflfc S 7-fflt LTAlff Hl208£»j£tl> 
(0140)) . J«R*>IRt, fl»-f-?>ffi$C 

«fit LT<OPt»Rl207tt. 5 
9flS««ITllft*lW , fe*iLfc. .I-IT, Ti» 
StliS i O21Lhr«Pt||l»0««tttm±S*4fc» 

jb\,vc^4#. ffitawitt***<, s i O2t<o^tt 

«t?<ill Au.Ti ,m7)*m£$J8 tt i> X \\ 

ttz. zz.xu&ummt Lxz'*v?mzm^fctf, 
jt£§£ff. -i*y7i*—T< y?w&<?)®.<vfi&X'$3& 

lXi>X^\ ttz. S y-mt LX<?&&Mm20&i: L 
TAltJfiKLfc**. ffiffl-tiU— f-5tK*fLi6S5!-HJ- 



[0 132] &t, 71/- i^SffiO-gPOS i 0 2§l£ 
^^-7X7£ffi-5TXy^y^^*L, 3y^h* 
-;H209Sr^-fl> (01 4 (j)) . iwyjnytfff 
taitz^y^^b ft-MZ » S 7 -SKftfiES- EPin-t 
Sfcy><O*ffil210e^^;l/^?S:ffi-'T^KL, IBffi 

(01 4 (k)) . 

[0 1 3 33 **$. l2UJWIiU:IBtt*S£tt. »K*>» 
6 TbS* 1 1 ^3IW03tj&iaS*fc t tafll u# 

[0134] ciewsrj* 2 > rnsm 5 oaatwo* 
i6i&mixmtf&. 

[0 1 3 53 ZZ\XW*fttZ>lT&;£ii^Xte. 

iawe. ««fl*flia**«t#j*T**so 

t Ltffifflt't & «t 0 t, S?&K^fc»%4ix*:0. 
lfi • cmjaT^fiffifiiOJi^ 100/i m<7)y 'J 3 yg^fc 

• co*»*>a+a • cmCOtf fiSt<0i/ D 3>SIt U -fix 

fesws i m<mitm^%hi®mx- j rtm L/iSOI 

[0 1 36 3 jSSWf^$ix?t/i$626xtmcOS0Ig 
^2001*7)7 W-^JftfifflJ<0ffifc. ->Uny5:^<x-yf- 
ytf-thiz\h<rrrx9 1 LXM^JSMm.v : Jx h20025: 

mumffMZX-WM-th (015(a)) . ^dT'iSffl-f 

■f y m^SRIt^ioo^ m<r> j/ D 3 y x -y f - y mt 
t UT»*a*K** < . *-?x-y^-y^f*t 

mzm%Lxi>ii\.\ 

[0 1 373 <Xt, ic?)l/i/*7.F£fl3t, Jl^-f^ii: 
X'ft7\s-J>Bmz^?--y7tl (01 5(b)) . 

[0 1 383 ^Ui/'^hS-VT^fcLT, X'yf-y/ 
2S* { 7< S < S^ttOgt ^ H 5 A X -y f - y /gB ( I CP-R 

iE)$rfflv^T. isvnywB&fty^-^wzmm. 
tf&Rthttum<?)mztx'^rfym&tz> (0 

1 5(c)) . ddf. BHLJSJix-yf-y;?'!/- H^'v'J 
3 y fc ibfi? L < /J^$ v , x -y f- yfW&M t 
LXto&tl. **5- ddt"^B!t$ixl>x-y^y^iiigffi 

[0 1 39 3 &t, b2002£?lfi?. 
5 W <J5««tlfimttKW^k>/'X 

h2003£l00//m<7)/S$T-^ ; ?|jL, ?itfe-ri.C:t 
T'JTWf ^--yy'fS (01 5(d)) . 

[0 1 403 -eLT. ;^Vi/'7.h5r-7X7fc LT. F 
5-fl7f y ( I CP-R I E) §rffi V \ IOOlc m £ Tsi < 
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itz&ftni' y ^ ymmzwu mnmzt tx - v ?- y?' 

Bk£irftCkTI*]£#U 'J/MJiWS (HI 6 
(e)) . 

[0 14 11KC. y7**»J$U:fflfc. US>Xh2004 
*1.5;umOJf3T1i*iU S 5-£«&tf*»ttfc>'« 

^-^y^-fft (016(f)) . zwtZ. 
frh. xTu-mzhxmi-th. 

[0 142] Z0)U : sXh%-?Z?bLX* X--v1-vy 
* < m-ft&<v&\ ^Jjxyj-y ?im ( I cp-r 

i-yf-thZfCiy-mi. Skiimti (016 

(g) ) . 

[01431 iWC, 7 U-^O-gtiC IE»Jfflia^l8i 
k t&Alfi«2005?r^ £«-?TJS23l*fc£ 

o&jtaafcfr? (016(h)) . ^«rr{SAi?iK20O5 

(±. Au*?Ofi!!0*ffiO?iflk 1"ft i k fc^TffiT* 0 . * 
[0 144] i<OJ:5 4S0l««*fflv^4iJ3t*ffitJ: 

war. i7-mmmfoixpt>mmmt:frcomt 

«Stf)»«lS. fcitf. BHIJio-SBI^lciftny 
ft. fcfc. i<0Wfi*©iaE«)»6^2»l 1 ^9Btt 

wo* jaeaiBK t> Rrawcaffl u# ft £ k an a»r a 
ft. 

[0145] ^BB^6<OHtt0>JCfc»tft*3t3Eiia 
COUTH 1 7fc«Sl/CBiWft. HI 7<0 (a) tt 
S^-aWWUBHTftO. (b) H^ODA-A' IIBt 
EHT&ft. 

[0146] *HJfe0iJO3t*$Hl^^«BE{iWia 
ft 5 OHJfefllk HttfiiOTfiKiRVRB^*** U 
3f«»WWl»aT*ft 5 7-*&101<9*§3£/8 'J 712HC 

5-S»01<OKHfc*ilf5Mi 'J 7-121*>'K(t^iift* { . 

^mmmxa. fat 0^102, 1035-g^LT s5-s«i 
oi^Mft 'j 7'mdh , * ^-s^ja^sko-tft 0 

yi2WztalX. 'J 7'121dO+*T'ii3e L y 7meZ% 

t0^102.103k|Sl— c 7 )60/xmfc^-9T*30. 
^rt«*S8W:fc t OSS* 9 1> 3 0 // mJt'«t5*< 
TV>ft. 

[0147] JHH^OS 7-g&101<D$/MS*£Cfcf't 
ft«tt*«» «/h«*0lttkfat 0^102,103*^0 

EgK *> 2 *oatcJtCT-r ft c k . fa t y mm, 103 

k ¥ff =Sr*WT*Jiat/J^«RWo«*fc; i ft «tt*«0ilv^f 
ftT\ fflBfc i ft m&)<7)&^l&^fc>ib%ffi&'bZ v * 

*«; fa t o»kttffrft*mTi±tMBfc: J: ft«tt*wa 



v < # v it < ft tztvsmtfjz z \>\ * i t\ 

ifiWfcfeHTtt, 'J7*121f£RWT. tatOSftfciSfft 
ft^Offltt^ftftftClktiO, flilfci ft^SrSft 
RflDCWfltft. 

[0148] *«BH<0»7<OS8ttWt:«Jti3tj^filI 
KOWC01 8£#S?.tTRWft. 018O (a) (i 
S 5-3^<08BHT'* ") s ( b ) \i*0> B - B ' « 
HHT'&ft. 

[0149] *m&Wnft^£&<V£&Wffi&teMsi 

m 5 nmtmt rour * ft ot-hs&i/ikbj l . 
*mm<r)*mx'hz> $ ^-sfiioiomajH y 7121c 
m-h^mz^wx^wM-h . 

[0150] 4roOD7C? ! £O$7-»S10lC9K®C 

i$m i &mv7'ttwmt>tiit)K ^mmmx-iz. fat 

0^102, 103£J£*LT S 7-«iK101$r«raft 'J ^121d 

k. s 7~mwm & ^ k 0 ft u r^idt sn t t . y 

ri21d k ¥ff atfSil&liifcO 'J 7'121g* { fl^ « tRtt 

^Tv^ft. te^tfoyT'mgUu S5-«ffiioioa 
'C«{aa ( g ) # y ri2ido4"W= < ft «t ^ c y ^md 

0«f'C^StLTWatlBH$ixTV>ft. yr^tSOWS 
«fat 0^102. 103k IM-O 6 0jumk : 5:-5T*J , ?> 

^roTv^ft. 

[ 0 1 5 1 ] Z<7)£ 0 (dSW)y yi21g2riiJirtfti 
fc t J; 0 . fc t y ^102, l03Krit^|SlSt^TO*|6lo 
WI^60SllttW±9Ja±fc*^3 
■a-ft £ k * { T# ft . fc Jt' L. 5 7 -««omfttiSn(iffi 
fLftJijS^$-tirft«J:-5(^ffltftJt^ f<o^S:fc#*'5r 

lEttttJI^Sk^ft. 

[0152] *^BBO^8OHffi09fc:i3ltft3t^a3IM 
trov^THl 9Sr#SLTlftHWft. HI 9{i55-* 
^O«ffi0TS)ft. 

[0153] ^|ltWO3tja«l«0^*Wai*»4ME 
*HiSWo:tt®T'J)ft S 7-£«U01Offi3S>ffl y 7'12HC 

p-rftffi^co^To^Hj-fft . 
[0154] ^mmiiz&^x i> . mm7 on*£w> 

J»^kR«K. S?-««101OKfflCffl3lffly 7*121 k 
UT, iatO*102,103*S*LTS5-««10lSflW!I 

fty:n2id, s7-^«?m^sk0-rfty7'i2id. a 
if, y 712U fc Tfrav sn^ts^^o y ymgmm 
t>tiz>. s5-a»'hjatiwx | 3-ffty^i2id<os5- 

4JBflMB»121dstt. 'J 7-121dO*$ J: 0 A < . 
S 7 -SS101O fa t y ^102, 103 k ? tffigP i 0 

>KB!i(c5iy ajLT^ft . ^<oy y^u^niMmwB 

U^m®l07,l08 (010) k^+>yrS:PgTTJt[6] 

i,xwMm*imn&t ltik* 4 '. ^rsmffifflio*?^ 
iijDL^\ ®^m^io7.io8o^$ tmn^titix 



Ir v& . U r^WOJS S lift 1 0 ^102 , 103 1 B-W 6 0 
0 & 3 0 umt3M< : %'>X\<\& . 

[0155] mTmvymgzmi&t. himw 

2, 103fc!3c-f s^fi&tPP ft&^fiO s 
ft, ^W^ixft^&^ftC^g^fESlWL'? (ff« 
fiit LTftsfflt* f 7'SS#121es<0 j|£ £31* LTWW 

[0156] *«9i<o*9o5iiswit*5ft*3i£5eiaaB 

to^TH2 0S:#BiLTBi B ^-fl). H2 0O (a) \i 

5 ( b ) ji-eoB - b - m 

[0157] *mm<o%%.miW<?>£ftMffimtmz 

«t»fl*0«farCft4 5 5-*«101<9flBWB U 7121K 

[0 158] *SatWfc4NvCi. milElg60MW<7) 
*^k|SI«fc, 4mO^#S<OS?-*«101<OKffl 
(CM 3fiffl U 7*121 fc IX. h t *) S8102. 103£SUILT$ 
?-3ISl01S:«fl3SUyi21dt, 5 5-g$JW3£8 
fc*"3 , t& , J7'121dt**aittil&3& < . H20 (a) IZfL 
tytilXolZ, V7m<i<W3-i—&. RV. 'J 710 
2efc U 7102efcCD3cMS&JH::, fflJfc&Wt'biVCV^ . 

J; L W*»#T*&;fcft . mZttlW? 

8kO»43W8St<<'Sr*. fcfc. U7f»«ftJI3ttfc 
t l )^102.103tl§I-c7)6O / unit^'>Ti3 0s 
^fttt*^ifc t DIRJ: 0 1> 3 Oju mrtfffiKfc-? 

^xm2nmkLxwmth. 122 10 u> as 
mx-hh. 

[0159] *mm)<m&^m.<r>±mm&\imi 
m 5 <n>mmt nmx-h i^x^m/mmi^ i . 

*56*ffl»IWfrC*4 5 5-fflS101tf>*I3Mi 'J 7121 fc 

[0160] *5«fcflflfcfcvvc t . WEl(l6<0JWt«<0 
^t|3«Rt. 4nraiD^#$^S7-^«101c7)S® 
(cffiftffl "J 7121 fc LT . fa 1 0^102, 103fcB* l/C 5 

t' r )i-&V7"L2Utfimit>tl&-h i . H2 1 (a)CI 
hflh X o fc, f 7l21efctt 0^102. 103t<O3tH8P* 
(fat 0^102,1034: 5 ?-S«U01fc<Djiit£SS) 
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•3^102. 103 fc|51— cO6 0/zmt^:-5Tfc0, -etltM 
WWft & ii«ttfa t9^i0t30^m < o T 

[016134*. WE»9<0HatWfcH*fc, 'J7"12 
leO#3— gPs U7"102ei; U7"102ei:^3cM 

[0162] WE#«*«<?Mtefel3iaitc4JV^Ttts 1 
2 2 fcflWWfcjRI-J: 3 fc. 5 5-*Kl01<»*ffi ( 5 
?-H115*«»J«Sn4ffliWlB) fc, fat 09R102. 103O 

: mtm-mt^nx^rz. 

[0163] *fm<n% 1 1 cojiifefflwftessiEtfc 

V^Tti. II 2 3 t«SWfc^f i •? 5 7-S^lOl 
<?)$mt . ia 1 98B102. lOScoW^^^cO+'C^^-fC 

i [ o 1 6 4 ] ^ . z t&mnwmtmi&mm t m 
mx-xw ttz. «5Sffl'J7i2i<73a*>. 5 5-a«*f 

jaSrffltfU 7l21e(C-?V^TmiS<7)i -5 5-SS10 

i [0165] H^L^v^^ friES^-s^av 

my-g&zwht&^m. my-mwtx'm$ 

[0166] &±liZW% Lfc*«W*HKjSc»Wi, 9 

#)<n%3&LW&.kLX93&X'bh . -f-OJ: o^rB 
igiBl8MW.<7i-mtC^ v 121 2 4 Sr^LT^-^s . 
[0 1 6 7 ] 024fcJ3^T. 30Ui*»)iga. 302{i 
I 3t»S^130lcOfe^EffiSr««-tl.S3t^H7AT'fc 
!». 3fc»3i^g301(i» E«MI*fcJ:-5T3aBt?tifcl 
[ *X{iffigC*WU-ifh*-AT@3!£*F5A302^tB 
miZ&W) ifflF5J*'(OWffofc7&£thi><?>X'i> 

®mumxi$v,ztifi:mizm2MW3oitz£ 
zconwMmiim®305X' hi— mz&mtzti. z 

<7)hi--mii^U206Xil$m307t,Z&!?Ztlh . «9 
it4. ig^#:F7A302WlK^gi5306SrjiiSt?t^ffi^ 
: !S3K*F5i>.302fc:ftx.T A OPF«<ojSJK*^ffl^ 
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[0 1 6 8 ] fttf&I£S301{±. lE&fl-f (~i oTSSB 

#B9iO#j£aSSI321 b . £ <Oft7g3fcgB321<9 S 7 - 
S ^— Bnt=5KaSS5320*»4>« U— ft'- A £t£ft 
S-tM, 7t466D^M*^322i: . S y-MX'B&IZtltZ 
1 *X(iffi»<7) U-if t- A tmffik F?J»302e»* 
B (tt££B) teB«S#4fc*0>jQBie ! i 6 B323a»£ 

»«s*i4. 3tjtaasi32itt, tamwiyfiMMi 

[0169] i =fir»jjt<03K»ai6«»Ui. 

o»*tt*)aciftc*5M'c»*. aeeaasBsiuBB* 

3Z«il301<iO'J^SHbWSP» , C* 9 - UfcaBfoTBBB* 

[0 1 7 0] $rfc. IBIif©07<7)^«S«s iS3K*H9 
A302<O!MSflSfi§. BB03O5. B9»3O6fcif<0WB# 
S. 3teBB32Q**»*$rirU:, «63lW)B««tf»at 
IrI^T'J; v vfttoH+^n&SivC 1^4 . 

[0171] *»BB<0*1 2<>>BttWfcfctt4«»5 9 
-f-v7*Ol5HJ!HaVWfflH*EI2 5fc:S%f. HI2 50 

( a ) \mm $-7 7±w<?>mimx'h o . c b ) 

(iHB S 9-f- -y 7 , <0«t , *tfctt4*i: SffiS'l&IOBfffl 
HT'£>4. 

[0172] *WIWttJ»t*«BS 5 
9-SK#3001 fc*M(t3002t **»*LT»«**l4 S 9- 
Btt. BBB3003, fat 9 &3004, S^gP3005, &Btffc 
B3006. 7W-A3007, ##c7)-$<OTU^©008$.t/ 
WBBB3l*lfiU'«vF3009. B^VS3010AtXGS£V 

[0173] 5?-BKtt, Bft^U3V(SiN)II 
$&tf&Jg^l8B012£#tf JIlitfcT) = 5 -$#3001 1 , 
S 9-«?7>3001i:*S£L$ 9--»#300M*WI*:S' , J 3 
V*ttftT»*Sit>l:*Wt3002i: , 1$#3002i:|B]-<Oit; 

$ X'®fam2conmz$mit *bbb3oo3 tt>t>0Lh. 

[0 174] ZZX\ 5 9-B#3001fciJtt-4&BBB 
3012k #ft3O02k li+ffeOB-ffci' y 3 yBBfcj&CTS 
WcR*f«fc*4. £Jl?iil3012te. 3CC#LT-HWr 
RB***U ##3002fcR«fflOHttS?-fflfcU-C 



b. $9-ffi±K#f*#%^£*'>. $ ?-ffi<r)£MZJt 
t - A<ORItt««t:flOT-f 6 - 1 a*C* . 3fct* -AO 

[0175] miti/V3> ( S i N ) SB«i, l*]aij£7J 
blXm&J&hiULX^&OX'. M&002<r>ft®lZ& 
V*TBBSB3012fc**>fc59--B#3<)01. 
fflcOTOttS:fll^-f4C:i:* { T'#4. ££t 

fc*tf-A<o»tt*B4 c: k* J T-# 6. ::tii$ 9- 

gp#3001t LTB-(t:>'y3>-i[)i$rffl^TV>4* 5 , rtSB 
JE7JtLT9l5ffiaS*S:*-t4ffiom 

y n ymmm&m^z z t i>wnxbi. 
[oi 7 6 3 tt:. *m&mib ix $ 7-mioo\ 
it. ■kxmmx'mj&ztix^&?>x\ $M<D$.y-mwt. 
ZBfS.ixtmM.x'b*), vtixmiz-jyhtf'bz 
m»$7-*vy'nw>ttWz$7-ms.i£kz 

fcBWSSB* Z b tfX'Z 4 . ifc S ?-B*3001li, 

Mm2bwm3oo3bizii'>xim2ti&<7)x\ $7 

VOmiWlt < £S£ t t*-A»«*#4 C i: ^rt 
4. 

[0177] S y-mW,i. *Mic3002tfMHIi^MB+* 

<7)fat0^3004{±, « S «:3002<?)J'l-B^BHtt5tt43:v^ 

e«lit*trJ:afc:BR-llBJ:tRtt4>*iTV^. Hi!) 
5 7— f -y roWjW{i. fa 1 0 5 

fatD^3OO4Sr0SEttkL-CfatOffiSJ 
Ls S 5-*«<75 5 5-BKt*-A*B*»4)Hi»S*i4 

[0178] m^3002^^)IS$S§<i-r4ffl3S^3003(i, 
fat 1 ) *3004WffiJLtteEaW4 d k * ? »lt U \ 
^3003$rfat9^3004c7)®*±, -r^fa*>|5]-iIIS±<7) 

laatsa Lxfa t o«aB<oEnE*o-«t - 1 

J«i5fc*4. ZixizXL W)tttifl,zE%Mtf ! £fclX . 
##:3002<7)fa 1 9g8004;frfi^»£<giSL . ^S=SrH 
»E-H*»iT, S3eUfct:-A»|fcW»4>*l4. 2 
*<Ofafc»)SB004li, jat9B»<^l*0iBLtt#K»L 

4J:^fc, v-';3y#^T#f*3002i:-#:t'^B£$ii 
4. fatD»4^$» lis B 

m^btxn^mmmmm^mb^xo^ fat 
[0179] htm^hiy-m^mmmLf 

ZlbtZb d&lX'$i-fZ b tfX'% h . 
f = l/(2s> (k/l ) 
[0 180] ZZX\ iatOBttBBktt, fat>9^<7) 
B*c. fatO^OS^^rt. fat^^O^^S-Lk-f 
•4ky:5eT"«-rc:k* { t:'i?4. . - 
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k = /3tc~3 E/(L (l + i/) ) IttBfflfl? 

[oi8i]4fc. iy-mmwWL&^-tyh u±. 

5?-a6K*)«*fcM s S7-*K«H (ft tO^til 
fff * ) * a i: "f 4 fc <J:^T*-f - k #T# 4 . 
I =M a~2 /l 2 

[0 182] ULtO^*>A>. ^Slmmx4mni, WL 
Jf 6 0/zmc7)S7-S1SS:. Oil mx 6 0 wm. 

jWft 3kHz t-& jsrat 4 .1 k 4 . 
[ 0 1 8 3] fct 9^004cDftft3002£i££LT^&^ 
Mi . ^^miBj t i/ y 3 yC'-*(C^ $ 
3005tt£l=i-£ixT;B9. ;O^SP3005(S. SSHtSBO 
06£tf- LT 1/ V 3 yTfKSSfUfc 7 U-Z>3007CH^$ 
ilT^4. i*lfe5 9-««<O»»3002, «$££3003, 
fc 1 0 §!3004k ^mgP3005 k ti^ilOffiJgfli v- 'J 3 yg 

^tBU^y F3009k IT A 1 SU&WE&SSiVO^. d 
£T\ ##3002, H3$SS30O3. fct9§£3004li, £T|3I 
(US) fc-TfUf. *ft.feliRB«B«*«TI6T' 
& 0 . t£3 x b T» S y -f - -y r &i?frc-# & . 
[0 184] 5 fcL9&£J:4ia 
©MdjiajkttJtf **rt«PWHUC, SflHMfeo^rSW 
ffi3008#J!M$ilT^4. £©J:-5fc:»ri!imffi£lw#K 

fc-fiitfcjioT. nMsa«5rttR>-t£k#T#. » 

(c J: i S WU? 3 < "f & 1 k * 5 

X X , HaKotffiWPttT* * WBfflOBUeWBOlOiwr 
IMW3008*iffcSk4LTR»t4>ft.TV^. C<7)S5#^ 

tm*'&?BX'ttfilX^&. *T»jmffi3008klIl£«S 
3010k #*t LX i£H£ ilT V > 3> Z k X' , m®#fi£#f§ 
*T'&9S!&3*F£TlfT, 
Krf4::ka { T#4. 4fcWttfflO@S18S3010U^ 
fltS/ y n y«T'^j£$ftTfc 0 . 8»Mtt$8M6&ftl 
X 1/ y 3 y TJB&Sftrt: 7 7 icHjigSftT v^i> . 
£ fcfflJS*S3010«$ffitettIl5£«S3 1 # Hi L>< -y F 

3011k LTA \mttm$M*.x\^. 

[0185] mz. «M1 2<3gl*0!t:iJW4*l 

5 ©T\ fa 1 0 *©3a*ffl*lHfc:#Jfc3 fifc*Jl&*flB I 
SiBUK-yF (02 5^3009) klSHSfflt'**. 
jgfiiy y 3 y«RT»«SfifeiB»ffl©HJ6WB010 
tt, &SKro006£^LT7>-A3007lClISE£*U3 
0s iiTJiffl®WB010Cfe»t4 2-5<Oli3e«a3l* 
HJUn*-/ F301lHgt&LT^4. -Iil^'BTil«®3008cO 



EPflrf 4 i k fc <fc 9 . »Ti!imffi3008k E$«ffi30 
10k ©iatS?«* 2:1*^4. H2 6kRW(C 
»Hj^iB008Kfc(t4 2oc7)pI»)l®||;a}LA'7 F£ 
S^S©3010©^HlCfctt4®^l;^5l#a3t 
F3011Cmff2rEPJPUTt>J:^. 
[01861026(A) tt. TOWSBI* SJ La-7 F 

*)«{i^*LT^4. ^©^C5 7-S^^)S$ii 
ftimi 8 k 7 U- A±tjRKflJS3006*^ UTJBfc 
Siifc[!5£«B3010fc (i s Sv^iSj^ffijii^Fff-C* 
4«t'5tff±LTV , '4WC'{d: : Sr< . httlftcQUMzb 
•f *^^eSr#-5TSVHC*fl«] LT v>4 . 
[0187] ClWi: 3 =SrffiB<O^"l!«®008k@g«ffi 
3010k ©Pate. «rSWEffi5l#ajL^-y FtlEESrStSPU 

Tif t c k t «t o , ^r«)«®3008 k ®sm 

H3010W5 VHcMlSj-f 4 TMtKWM ^ a *[6] N 
■f^ri)*>H2 6 (B) t,Z7jktJ:o%$y-&W®%M 
mtyWlztc&lifi. t^^TtoLD^arWkLTia 
t9«tt$*4 dk^T#4. 
[0188] EMD«E^±#§*TV^ 5 7-S«* 5 H 
^Wik^^^TtlSISIt, «ffi<09ttaS > ffitf4 
k . 02 6 ( C ) iz^-fX o S 7-SM©tittC<J: 
OtJ^fik^rWt, ^<7)fe L 0 BlJttk $ 
0^^^-^ yhi A>i 93-3 fi*4 T^ffi S *4 <I k 
3&«T# 4. Ci; T-BtX8!Bffl<O^ri«ffi30(»fc«JEE* 6P 
ftrt 4 k , ^1Jffi3008SyTl^fEffi3010©ia<O»«?l 

£&-f4. 

[0189] ^1 OlE«jffl£7)^rSbmffi3008colEKlJWI«Sf!c5r 

s y -m. ttet<o i%<7>#mmmi cRjet 4 c 1 1 i 

9. S7-a«©^# ; 5:iIixftSrt#4;k* s T^4. £ 
i 9 5 5-fflROS8B*HS«5ii6*. 5 7-3^ 1 T" 
^#4£k* { T'#4. 

[0190] *^©»1 3©^MplJ{;fc , (t4fi 
HIS 7-f - 7 7'© ! Pffi0S.t/BfH0Sr02 7 ^-f. * 
Hi6Wcfc(t4fgS)S 9— f-yrtt. 5 5-^©fl}jf 

$:^^T(i, ssi 2<7)mmmbntm&x'hz>. s.y- 
mMs mmumMW.iti' y 3 y?i«3oi3k t»bss 

iifc S y - »»3001 k . 5 y -«*3001 k «S^f 4 1/ 0 
3y#ISA-nB*Sfut*W*3002k. *>fe*4. 5 5- 
gU^-3001©?h^Cm$il^#«£3002cOP 1 !l(H!|{i, 115$^ 
3003T'^$^TV^4 . 4fc $ 5-SB#3001©«#3002 
2lt/'aiS^3003* s ^ ZtlX t^V , ^ffl-f 4 3t 
fcWLT-HWrRM** fcoA««BB012*«5 9-fflk 
LT^SiXTV^4. #»3002O^»JO 
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c<7)2*o<at. o^oo^i, wmoo2<vmm§m£i5 

$ 4, ld$#3002cOI*lffl!l^^lS-r &ffi$&3003 1>. tat«J 

^3004 1 m-mw.±<vimt,z%mf&z t mi& iw 

[0 1 9 1 J fct9^3004<D##3002Kit3£LTO&V> 
l < *s U 3 yTH*fc#J*3*ifcS» 
»3005 S JlT ±J 9 . Z <7)£#SI$3005{2 . g&MUff 
3006£tf- L/C x'J3 yT'JIMSftfc? V-A3007tC®^ 
3 iuC vv& . ^93005co»®(c{S^II!)«^5l S Si L>< 
•y H3009h LTA«W!BM2iWJfc£*U>*. 
^<O#«c3002fc{i. tat0^fcJ:l.liHElS*( 6 Ii:*^t 
S^lpIOMIfflffifc:, (S#^$^l)«@3008#ffM£ix 
TV*4. *fc»«»R^^rill««3008i:«/jN|aHii»-C 
T« |Sl«Otsp*^«T-fcl.lEi)ffl^ll«l;®3010^IS(t 
fcft.TV*4. ^^©ir^ttoiEISffl^SSfliflBOlOfi. 
85ftJg#O*I»J«®3008k a $T*f ffl l/CV>&. 
£ ^IB|))fflOllS«eoiO{±<£ffifit^ U n y 
SflTiS 1 ).. ^@g-ft^3006$r^tT^y3yt^BS;$il 
fc7U-A3007fcB5eSilTV^. $fetffl€«ffi3010 
comWMmgMM^ftL^-y F3011k LT&JSilM 
3012#7&££ft.TU4„ 

[0 19 2] HI 2^SWcfcViT{iS7- 

y&&<o#flBIT-$j£3itTvtf,:a*, Hi 3«oMtPJC 
fc(t4 5 7-^3001{i;. ^IHfcJB006 k gfcvy 3y 

H3006(i, y >J 3 y£x-yf y^4IRfcJ4»KJt*** 

fmiW3mim%ft&mi>tixEmPbj)ZiiL 
•r^ft*, M.mmtixm^ztsfflixs.j-mki 

T9l5WE*j**LTV>tjBfl;^y3>itBI30l3*«aWfc 

rnimtm^btxmt. zmmttiztx-m 

#<Dfcf>i) <J 3\%JSJ)t>Z%&£ot'Z$mLX\ l ^. Z<V£ 
3(;:&E?fJBl3012i£«>T. 5 9-aMWX>l*!MRfc 

i^vgffl lt = f-momat h z t a*r* i . t 
\,^*mmmi l zmhMmz7-J--vTCDffimt. mm 

H2 8XVEI2 9*fflv^-CiJWBi-S. 
[0193] 1 3 <0#lteWci5(t4»J S y 

-f-v7"<Ogjifc:{is SOI (Silicon on Insulator) 



»7X7\£fflVvt. JilT S O I ^jcjMzH^X . »BtffcK 
3006£:frLTTfflJOJ?^XA£^-;*^xn3014. ± 
fflkOStv^XAfc.-tfy F^xy^OlSkiif-i;;: kfc-f 4. 
7U-AfcLTffiffl"tl><-X'7X7\3014«. * $ 5 2 
5jum, *&&?>( 1 0 0 ) ?X/vC*9, tWfr, ffift 
fctvSt TOWML H£S®kLTfcffl 

-r4^K->xy\3015lc{i, JfS60jum, ffijjgffiO 
(10 0) >)iA5:fflUfc. £fcffi7x;\<7)Ht:;£>4fi 
gtffc;II3006(7)JI${25 0 0 nmk Lfc. frfctfyF^X 

Itflt^^TKSL^. *fc±ie*>SO I «7X^N»i, 
itZivfc 2W>i>- y 3 y)xA^ . ftRftR 
zftLxm&^f**xim2i£ffi&&ittk. 100 

»J»$ £-CS*T4 £ k e i 9ftS!-f 4 - k 4 . 
[0 194] 4-TH2 8 (a) (C^-f «fc5fc. Cl^SO 
I^^MCLP-CVD (MEmffl^«ftil) ffi 

ojs§ i o o oxv/x h o-Acog-ft;^ y 3 >m 

ID013t»*Lfc. ii"C«*t*»IBi. KOH?§?g 
CJ:4jS*ttX"/f-V^WS 5 2 5 AtmO^-X^X 

iBtt**f £gfti'y3>if§|3013£fflvvc<,>£. HR 
HSS'ttX-yf-V/twfflV^fll.J! S 1 umm&CO?m 
■ft«300«i. x y f-y ^jSg^g-fbv-y 3 ygflR3013fc 

[0195] dtOM-fb^y 3>HJ!3013£. 

jx 7 f y/iit^. doo) ^y 3^-7 

i;Ml Sfti^y 3yj?M3013*^B£$flTV^|.x•y•7 c 
y^vx^«offi(cMLT54. 7' (r>n^\^mz 
x.yfy/^W. ClO^, ft^WCSS^VH^xys 
offl© { v^?A7-yJ: 0 t>rtffl|co®tSk k $• 

[0196] mzM2 8(b) (CSrfiot, /n'^-x 
y^aWtWks/U 3 y»M3013S:x-yf-y^vx^ k 

S^Tttx -y f-y ^-^n?x/s3014S:jSK{bffi3006 
K*f4*-CX7f-ym*-f4. ;<7)k^^S!ft)S6 

^v^ytOMLXKommnzntix.'yi-yv 
jia^av^T, x-y f-y^"ff±«k-f si k* 5 t-# 

4. iftCJ: l 5'<.-^'7XA3014^7l'-A3007kL^ 
g$ 6 0 u mco^y F «>X^N3015*»4>*ft : s 'J 3 y ^ 

r 7 5 A30i6sWgjS 5 fi, »igw:«-> y 3 y 

^ T7 7A3016SP^tcS7-S«, ht*)Wi. m/B 
[0 19 7] mzM2 8 (c) C^-fioC Sl^LP 

-cvDStiOJia i ooo^y/xFo-i^g-fk 
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0 0 0 ^j-y/x h n-AOlf $<7)A I Wm: 5 7-ffifc 
LT»j£-f&. »K-(tM3006«i;OTO5 7-a5^3001i: 
Ltfflv^ Z t »i£«006{i-&l;:i*!gMD 

^iJEW;>}£#LT^I>. ,r<?)&Sfcyy3y$li 
30013^jSlt«006i:^-ttTEIiL. mSL^oy 

3006a^mfIM3012^E^JB* 2rfT*>?8 IX . afcS/ 
y3ySR3013, 3&KfcR3006, £IW«3012A>&$:4 
£Jf LT^SPje^^l^JS* k«r* J: 3 
4. 9 Mlfcvy3y^3013iW^PSi5 
®b IX. §>MB&W>EJJ Z'&^zWMth Z b tf? 
#S. ±fc. di-CUA«»R3012fcLTAl*jfflRL 

4iiV7'V~^<v7^(nmr>fi&Xffl& 

[0198] &(e:l22 8(d) iztrcf* o *y K>7 
XA3015O S 5-»#3001 fifBSKl'S;^ N * 

xa3oi5co s 7 -a^3ooifc#j^4*«H2W^fiHi:>' 

'J aymmOB. »UI3006, A l <9&»III3012£ 

y?S]i3013, 8®?fUl3006, A 1 <O^«»K3012*»*>'5r 
S 5 5-«fl-3001 

[0 199] mzM29 (e) IZnrt&olC 

mz H 5 4 X -y f - y ^Tv <^ -x 6 . 
[0200] $^>tcSI2 9(f) tc^rf i 3 l/» 

b/aasftv-'jayaaR^v^^tLT. x-yf-y/ss 

< £#tt<o»o F5>(X7 f-y /SSHSrffl^ 

/zmOjeiX-yf-yT'fcfrofc. Cl<Ot#S7-S^ 
Ivfyjli 028(d) ■C»JjcLfcS5-»*fc*J 
ft 5 W006T'f?ih-t S> . 
[020 1 ] «ttte20«BB5S«flS«ffl<0-«ta*fl: 
y U 3 yfl)K3013<7)-7X ? Sr Lfc H 74 x -y f-y ^ 
T-li* L , '\%hfitz 1/ y 3 y*«o^ffi(cvx 7 

fctfJjgtfteTtf l>fctf>£4 0 0 Wj»*Q!3£fr-3"t«ffi 
§|#ttJUf-y H3009, 301l£JBl£-f S. ZZXMAXU 

mwmmt ixm^x^itf. mzmnm*M<. 
isyaytomm&tm&x'ZtLtf. au, ti, 

mzmb-f. n^Mm. A *yru-T * y/a^ffe 



[02021 *%ty<r>W, 1 4^ifiW=*JW4»5 7 
-f--/7'(7)^EI2ai>'irMil$-113 0K^-f . #^5601 

Tii, ^1 3<?^tilWfcRt«»"C*4. 

ti, DSffiftBBOOefcHft^U 3y5tlB013i:T»JSSfi 

s 5-»^3ooifc . s y-mm\z\m.ym-<.z IX 
s j-Mtymtti&i-ti'V ? yMm&x'ffif&zirtz 

ttt, m-tzMztt ix+mm%* 

3012* 5 5 7-fflfcLTffM$fLTV^. S5-S^i, 
^«s^hiI^il3a4'^jfi^T- 2 *:Oia 1 0 ^3004T^ft 
$*ITV^. ^W2*cO^t'9^3004{S, ^<7)WJcO 

TV^4„ 5fefcft*<Ortl!l*!B«-f4»3fi«t, tat "9 
^3004t H-itaLh<OtaiItElt*"ii fc* J *f * U\ 
ta t OS3004^#fttCiS^ LTV^V«I±, 

t < 5/ y n yr-*K»j«S*ifcS»aP3005t:lif^$*i 
TfcO, ;(O3dtg|53005(i, j»BMUR3006*^trv'y 
3yTJ&£3;hJfc7U-A3007fc@5£S*vO^. 
IBBOOROftfflWiWtflBISajL^-y H3009t LT^ 
Mjill30122* ! ffM$it^l>. 5 7-«^<OfW*:CW, 
ta 1 0 i I) ESSttfrfi fc i!3c-f 

Ctev^T. ®if^<7)^rt!i«S3008* { ffM$^TV^. 

6. ^co®«r^^wlEi)ffl«ll^«®oio{±, ffifir^K 

<o^ra«ffi3oo8titt*-&3^TWi6jtrv^i.. i^ias 

ffl£O@^«ffi3010{±fiffiSi^y ^ yS«t'^B£$/lTfc 
0. ^LH3006Sr^LTi'y a yX'mtfZ2tlt:7\'- 

A?amzmfeZtix v> 4 . ^ t £H£itffi3oio<osfflfc 

(i®€fl:^l#aiUN'-y F3011t LT^:«?iP3012* { JB 

[ 0 2 0 3 3 ZZTs IB1 3<OSWCIiS 5-^30 

2t^H*IW-fcft4 S 7-SB#3001l±s 5 7-«^ 
7U-^30OTfcRSfflit:»*8<t"CV>*. S^S^Sat 

•jman 1 3 fc f3i t-c* & - - x-imwi 
motmrm-t & . i <o j: 3 1 s 7 -awtfooi $r 7 v 

-A3007fcR«fl8fcSaW4 ifctcJ:"?, S 7-^30 

[0204] #&93<7)gs i 5cr,mmWziHfimW}i 7 
-f-yr^ESSrHS lCSrf. *^StWfc*3ttl>fi 
8(1$ 5 -f- .yrti. 5 5-SKfc*i»t**Bfia8003<O« 
jS$rl^V^Tti, HI 3cO»tS0iJfcl5lt1fjiT'^l>. Lfc 

tfixzz. x'ttmmstmnmmz^xn&mwt 
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03ti, fc 1 0^3004 fc(5li'|I]Hl$LL<7){iBfci£«$ft 

m&ffi&mWllt* fet"9JR3004Wj!E*±tHBr«2fc 

fc, 5VHCfl#1^ffi#«®3017<^J&£flTV^#ft 
3002C5fflffl^*ifea5j£^S:?g|gLTffiB$ixTVM». * 
SlifeM^fiiSS^-f-yrti. »$8003<7)A-;?-y£ 
SK-f S i i: Tfll 1 3 OgifcfflJ: RKfc*BW4 - b 

totc** . *nsiseoo3t*5Bfc<o± o cffifi-rs ^ fc 

©#«1S30l7cOgli^'a^3003t i -9 "CSfff 5 

[ 0 2 0 5 ] ifcSS 1 6*>£ifcWfc IT . H3 2 totf* 
i ? (c#flO002art(ffl£^-f &ffllft»fc L/C. fat*) 
§83004 k lia'PI-lSi6SLh<0{aSfc, ttch-hh ivwm 
<OSK«UciB^fc*l*lC EHS*i4*i3l»3003fc s fc 
t9S30O4fcliHS2£*H!lfc:, 9 ffil&OlI] 

tzn&i (ht>omw}cr)\5\mmzttixm->ttm x-h 
[0206] ^^zmncommmbLxm3 3^i 

!tJ:3(C mfc3002Ol*liBI£&flft-4*f3$&fcLT, fc 

t ■) ^3004 t mm-mik±.n&mzm&2ti&mi% 

3003k , ia C 0 ^3004 k lffl\g$%fa£ , 51 Hwfll # £ 
£Tl$#3002<OrtffiL $#3002 k $31^3003 1 i<$Mt 

h m , xi4*e»«3oo34«s v ^csaw- s asttw* ii-f 

02b if $$g£3003O#> t'oa^-J^ftfflfc* o T V >4 k - 

[0207] i 8^JSW^*5^4JiiijS 5 

3003<Oflt3§£l&V>T«:. Ml 3<9|S6fe0!Ik|5| tflUSfft 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Light-scanning equipment characterized by forming the reinforcement section for suppressing 

the deformation to said mirror substrate in the mirror substrate supported with two beams prepared on 

the same straight line, and the light-scanning equipment which has a mirror driving means for twisting 

said beam and carrying out both-way vibration of said mirror substrate as a revolving shaft. 

[Claim 2] Said reinforcement section is light-scanning equipment according to claim 1 characterized by 

being formed in the mirror side of said mirror substrate, and the field of the opposite side. 

[Claim 3] Said reinforcement section is light-scanning equipment according to claim 2 characterized by 

consisting of a protruding line-like rib prolonged in the direction which intersects perpendicularly with 

said beam. 

[Claim 4] Said reinforcement section is light-scanning equipment according to claim 2 characterized by 
consisting of a grid-like protruding line-like rib. 

[Claim 5] Light-scanning equipment according to claim 1, 2, 3, or 4 characterized by forming said 
reinforcement section also in the edge combined with said beam of said mirror substrate. 
[Claim 6] Claim 1 characterized by forming said reinforcement section also in the edge which acts as a 
movable electrode which is the element of said mirror driving means of said mirror substrate thru/or 
light-scanning equipment of five given in any 1 term. 

[Claim 7] Said mirror substrate is claim 1 characterized by having the flat-surface configuration where 
width of face is the widest, by part for the both ends said whose beam was pinched thru/or light- 
scanning equipment of six given in any 1 term. 

[Claim 8] The manufacture approach of the light-scanning equipment which is the manufacture 
approach of light-scanning equipment of having the mirror substrate supported with two beams prepared 
on the same straight line, and a mirror driving means for twisting said beam and carrying out both-way 
vibration of said mirror substrate as a revolving shaft, and is characterized by to form the reinforcement 
section for carrying out etching processing of the silicon substrate at a concave, and suppressing 
deformation of said mirror substrate by the heights which remained. 

[Claim 9] It is supported by the torsion beam, have the mirror substrate which carries out both-way 
vibration by setting a revolving shaft as said torsion beam, and a single substrate is penetrated. In the 
light-scanning equipment with which said torsion beam, said mirror substrate, and the frame that 
combines said torsion beam and supports a mirror substrate were really formed said mirror substrate 
Light-scanning equipment characterized by having the field of the rib which made said torsion beam and 
thickness the same, and a meat omission field thinner than the thickness of said torsion beam. 
[Claim 10] Said mirror substrate is light-scanning equipment according to claim 9 characterized by 
having the rib which extends said torsion beam and penetrates said mirror substrate, and the rib which 
borders said mirror substrate. 

[Claim 11] Said mirror substrate is light-scanning equipment according to claim 9 characterized by 
having a mirror side in a field with said rib field and said meat omission field, and the field of the 
opposite side. 
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[Claim 12] Said mirror substrate is light-scanning equipment according to claim 10 characterized by 
intersecting said rib which extends said torsion beam and penetrates said mirror substrate, and having 
the rib which constructs a bridge in said rib which borders said mirror substrate. 
[Claim 13] Light-scanning equipment according to claim 12 characterized by passing in the direction 
which intersects perpendicularly with said rib with which said rib which constructs a bridge in said rib 
which borders said mirror substrate extends said torsion beam, and penetrates said mirror substrate. 
[Claim 14] Said mirror substrate is light-scanning equipment according to claim 10, 12, or 13 
characterized by having the rib of the shape of two or more grid. 

[Claim 15] Light-scanning equipment according to claim 14 characterized by having arranged the rib of 
the shape of said grid so that the center of gravity of said mirror substrate may come on said rib which 
extends said torsion beam and penetrates said mirror substrate. 

[Claim 16] Light-scanning equipment according to claim 14 characterized by having arranged the rib of 
the shape of said grid so that the center of gravity of said mirror substrate may become the center 
position of said rib which extends said torsion beam and penetrates said mirror substrate. 
[Claim 17] Light-scanning equipment according to claim 10 characterized by the angle like the 
intersection of said rib being a curve-like. 

[Claim 18] Light-scanning equipment according to claim 10 characterized by the angle of the part where 
said torsion beam and said rib which borders said mirror substrate cross being a curve-like. 
[Claim 19] Said mirror substrate and said torsion beam are light-scanning equipment according to claim 
1 1 characterized by being in the physical relationship said whose mirror side and medial axis of said 
torsion beam correspond. 

[Claim 20] Light-scanning equipment according to claim 10 characterized by having prepared the 
movable electrode in the part parallel to said torsion beam of said rib which trims said mirror substrate, 
having countered with this movable electrode and preparing a fixed electrode in said frame. 
[Claim 21] Light-scanning equipment according to claim 20 characterized by the ******** rather than 
the die length of said rib with which the die length of a part parallel to said torsion beam of said rib 
which trims said mirror substrate extends said torsion beam, and penetrates said mirror substrate. 
[Claim 22] Said movable electrode and fixed electrode are light-scanning equipment according to claim 
20 characterized by being a ctenidium-like. 

[Claim 23] Light-scanning equipment according to claim 9 characterized by forming said mirror 
substrate and said torsion beam with single crystal silicon. 

[Claim 24] The manufacture approach of the light-scanning equipment according to claim 10 
characterized by said mirror substrate and said torsion beam really forming by micro processing of the 
same ingredient substrate. 

[Claim 25] The manufacture approach of the light- scanning equipment according to claim 10 which 
carries out micro processing of the same ingredient substrate to a concave, and is characterized by 
forming said meat omission field of said mirror substrate, and forming the field of said rib of said mirror 
substrate by the heights which remained. 

[Claim 26] Claim 1 characterized by holding in the reduced pressure container possessing the part which 
has the light beam deflected with said mirror substrate in a means to drive said mirror substrate and this 
mirror substrate penetrated, and the terminal area for connection with said driving means thru/or light- 
scanning equipment of 23 given in any 1 term. 

[Claim 27] Equipment write-in [ optical ] characterized by having claim 1 thru/or the light-scanning 
equipment of 23 given in any 1 term, a means for carrying out incidence of the light beam modulated by 
the record signal to the mirror side of the mirror substrate of said light-scanning equipment, and a means 
for carrying out image formation of said light beam reflected in respect of the mirror to a scan layer-ed. 
[Claim 28] Claim 1 thru/or the light-scanning equipment of 23 given in any 1 term, and electrostatic 
latent-image support, The means for carrying out incidence of the light beam modulated by the record 
signal to the mirror side of the mirror substrate of said light-scanning equipment, Image formation 
equipment characterized by forming the electrostatic latent image which has a means for carrying out 
image formation of said light beam reflected in respect of the mirror to said electrostatic latent-image 
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support, and followed said record signal on said electrostatic latent-image support. 
[Claim 29] It is the oscillating mirror chip characterized by having the frame combined with the mirror 
part in which said mirror substrate was formed in the shape of a thin film in the oscillating mirror chip 
which has the mirror substrate which is supported with a torsion beam and deflects a light beam, and the 
mirror driving means to which torsional oscillation of said mirror substrate is carried out by setting a 
revolving shaft as said torsion beam, and said mirror part. 

[Claim 30] Said mirror part is an oscillating mirror chip according to claim 29 characterized by having a 
mirror side in the opposite side the side with which said frame is combined. 

[Claim 31] Said frame is an oscillating mirror chip according to claim 29 or 30 characterized by having 
the reinforced beam which constructs a bridge in the inside of said frame on extension of said torsion 
beam. 

[Claim 32] Said frame is the oscillating mirror chip of 31 claim 29 characterized by having a reinforced 
beam in the direction which intersects perpendicularly with said revolving shaft thru/or given in any 1 
term. 

[Claim 33] Claim 29 which is axial symmetry and is characterized by having the reinforced beam which 
is axial symmetry to the shaft which intersects perpendicularly with said revolving shaft through the 
core of said revolving shaft to said revolving shaft thru/or the oscillating mirror chip of 32 given in any 
1 term. 

[Claim 34] At least one of the corner of a part that the corner, said inside frame, and said inside 
reinforced beam of said frame cross, and the corners of a part that said reinforced -beam comrade crosses 
a list mutually is the oscillating mirror chip of 33 claim 29 characterized by being formed in a curved 
surface thru/or given in any 1 term. 

[Claim 35] Said frame and/or said reinforced beam are the oscillating mirror chip of 34 claim 29 
characterized by being the same thickness as said torsion beam thru/or given in any 1 term. 
[Claim 36] Said reinforced beam is the oscillating mirror chip of 34 claim 3 1 characterized by being 
isolated with said mirror part thru/or given in any 1 term. 

[Claim 37] Said mirror part is the oscillating mirror chip of 34 claim 29 characterized by the medial axis 
of said torsion beam passing along said mirror part thru/or given in any 1 term. 
[Claim 38] Said mirror part is the oscillating mirror chip of 37 claim 29 characterized by being formed 
with the thin film which has tensile stress thru/or given in any 1 term. 

[Claim 39] Said mirror part is the oscillating mirror chip of 38 claim 29 characterized by being formed 
of multilayers thru/or given in any 1 term. 

[Claim 40] Said mirror driving means is the oscillating mirror chip of claim 29 ** 39 characterized by 
having the movable electrode prepared in said frame, and said movable electrode and the fixed electrode 
installed in the location which counters given in any 1 ****. 

[Claim 41] Said movable electrode is an oscillating mirror chip according to claim 40 characterized by 
being a ctenidium-like. 

[Claim 42] The light-scanning module characterized by having in a container the oscillating mirror chip 
of 41 claim 29 thru/or given in any 1 term, the transparency part of the light beam deflected with this 
oscillating mirror chip, and the terminal area connected to said mirror driving means of said oscillating 
mirror chip. 

[Claim 43] The light-scanning module according to claim 42 characterized by having the reflecting 
optical system to which the multiple echo of said light beam is furthermore carried out on said mirror 
substrate of said oscillating mirror chip. 

[Claim 44] Light-scanning equipment characterized by having a light source means to generate a light 
beam, the light-scanning module according to claim 42 or 43 which scans this light beam, and the 
optical system to which image formation of said light beam scanned with this light-scanning module is 
carried out. 

[Claim 45] Said oscillating mirror chip is light-scanning equipment according to claim 44 which is the 
part of said mirror side which said reinforced beam over which said mirror part has a mirror side in the 
side and the opposite side where said frame is combined, and constructs a bridge in the inside of said 
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frame and this frame has not combined with said mirror part, and is characterized by said light beam 
reflecting. 

[Claim 46] Image formation equipment characterized by having light-scanning equipment according to 
claim 44 or 45, the photo conductor which forms an electrostatic latent image with this light- scanning 
equipment, a development means to develop said electrostatic latent image with a toner, and an imprint 
means to imprint the toner image which this development means developed on the recording paper. 
[Claim 47] In the manufacture approach of an oscillating mirror chip equipped with the frame combined 
with the thin film-like mirror part from a substrate, and this mirror part, and the reinforced beam which 
constructs a bridge in the inside of this frame The membrane formation step which forms a mirror layer 
at least to the field of the side which forms said mirror part of said substrate, The mask formation step 
which forms the mask pattern which leaves said frame and said reinforced beam in the field which forms 
said mirror part of said substrate, and the field of the opposite side, The manufacture approach 
characterized by including the penetration step which penetrates the periphery of said mirror part by 
penetration etching of a substrate from the field which forms said mirror part of said substrate, and the 
field of the opposite side. 

[Claim 48] The field of the side which said substrate is a silicon substrate which has an etching halt 
layer in between, and forms said mirror part is the manufacture approach according to claim 47 
characterized by being the field of an etching halt layer. 

[Claim 49] Said membrane formation step is the manufacture approach according to claim 47 or 48 
characterized by including membrane formation of the stress accommodation film further. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light-scanning equipment of a configuration of 
twisting a beam and carrying out both-way vibration of the minute mirror supported with two beams as a 
revolving shaft. 
[0002] 

[Description of the Prior Art] As for this kind adapting a micro-machining technique of light-scanning 
equipment, promising ** of the application to the reading system of readers, such as a system of image 
formation equipments, such as a digital copier and a laser beam printer, write-in [ optical ], and a bar 
code reader, a scanner, is carried out. 

[0003] With the light-scanning equipment carried by IBM J.Res.Develop Vol.24 (1980), with the 
electrostatic attraction between the electrodes which formed the mirror substrate supported with two 
beams prepared on the same straight line in the location which counters a mirror substrate, two beams 
are twisted and both-way vibration is carried out as a revolving shaft. Structure is easy, and since 
package formation in a semi-conductor process is possible, this light scanning equipment form with a 
micro-machining technique is easy to miniaturize, and since it is a both-way scan further, it can expect 
[ since a manufacturing cost is also a low and single anti-slant face, it does not have two or more 
dispersion of the precision by the field, and ] the effectiveness of being able to respond also to 
improvement in the speed as compared with the light scanning equipment by rotation of the polygon 
mirror using the conventional motor. 

[0004] The 13 th Annual International Workshop on MEMS2000 (2000) 473 [ moreover, ] -478 and 
MEMS1999 333-338 **** - in order to enlarge the deflection angle of a mirror substrate, the torsional- 
oscillation mold light-scanning equipment of the electrostatic drive which prepares a counterelectrode in 
the end face of a mirror substrate so that an electrode may not lap with the oscillating field is proposed. 
These light-scanning equipments are driven with the electrostatic attraction between the fixed electrodes 
which separate a minute gap to the mirror substrate and mirror substrate end face as a movable electrode 
which consists of silicon of 20 micrometers of board thickness, and counter them, and two electrodes are 
formed in the same part. The 13 th Annual International Workshop on MEMS2000 (2000) 473-478 
With the light-scanning equipment of a publication, although the initial moment to the torsion revolving 
shaft for starting a mirror substrate is given, the minute asymmetry of the structure produced in a 
formation process is used. On the other hand, it is MEMS1999 333-338. With the light-scanning 
equipment of a publication, the metal-electrode thin film for starting is arranged on the field which 
intersects perpendicularly with a drive electrode. 

[0005] Moreover, in order to lower the electrical potential difference for driving a mirror substrate, the 
light-scanning equipment to which both opposed face product was made to increase as a ctenidium-like 
configuration is also proposed in the edge and fixed electrode of a mirror substrate (patent No. 2924200, 
patent No. 3011144). 

[0006] Furthermore, Optical MEMS 2000 It sets, the oscillating mirror chip which uses a thin film 
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mirror is made as an experiment, the polish recon of tensile stress was formed in the circular frame, the 
ctenidium-like electrode was formed in the location lengthened in parallel with the torsion beam of the 
outside of a frame, and it has the device to which it twists with the electrode arranged up and down, and 
torsional oscillation of the beam is carried out, 
[0007] 

[Problem(s) to be Solved by the Invention] The mirror substrate of the light-scanning equipment of the 
torsional-oscillation mold produced using a micro-machining technique is formed by the approach of 
making it penetrate by the dry etching of a silicon substrate generally, and is several 1 0 micrometers as 
thickness of a mirror substrate. For example, The 13 th Annual International Workshop on MEMS2000 
(2000) 473-478 With the light-scanning equipment of a publication, the mirror substrate of 1 .5mm[ a 
maximum of] ** is formed by 30 micrometers of board thickness, and it is MEMS1999 333-338. With 
the indicated light-scanning equipment, the mirror substrate of 3mm[ a maximum of] ** is formed by 
20 micrometers of board thickness. 

[0008] Thus, also in the thin mirror substrate of board thickness, one side of a mirror substrate may have 
to be made into the magnitude of several mm depending on the need beam diameter in the breadth or the 
real use part of light from the light source. 

[0009] Here, if I and driving torque are set to Trq and the viscous drag of omega and mirror oscillating 
space is set to delta for angular velocity, the deflection angle theta of a mirror can express the moment of 
inertia of a mirror with a degree type. 

Theta=TrqxK(omega, delta) /I, however K (omega, delta) are oscillating multipliers. 
[0010] If weight of a mirror is set to M and rho, width of face of a mirror, die length, and thickness are 
set to b, a, and t for a consistency, respectively, moment-of-inertia I of a mirror can be expressed with a 
degree type. 

12=rho t a b [ I=M / (a A 2+b A 2) ] (a A 2+b A 2)/12 [001 1] It turns out that what is necessary is to make a 
mirror light and just to make moment of inertia small as structure for swaying from this and enlarging an 
angle. 

[0012] On the other hand, if the torsional resilience multiplier of a beam is set to I, the resonance 
frequency f of a mirror can express the moment of inertia of k and a mirror with a degree type for it. 
M/2piroot (k/I) 

Here, if c and height are set to t and die length is set to L, the torsion elastic modulus k can express the 
width of face of a beam with a degree type. 

K=beta t c A 3 EL, however (1+nu) beta are [ Young's modulus and nu of a coefficient of sectional form 
and E ] Poisson's ratios. 

[0013] Thereby, in order to make resonance frequency of a mirror high, it turns out that what is 
necessary is to enlarge a torsion elastic modulus by enlarging the cross section of a beam or shortening 
die length, or to make a mirror light, and just to make moment of inertia small. 
[0014] Now, it is effective to make a mirror light and to make moment of inertia small, also in. order to 
enlarge a deflection angle and to carry out high-speed operation, and lightweight-izing of a mirror is 
indispensable to it as a structural means for enlarging a deflection angle especially. However, when 
board thickness of a mirror was made thin for lightweight-izing, maintaining magnitude required as a 
mirror substrate and a high-speed drive was required, it became difficult for a mirror substrate to deform 
at the time of vibration, and to maintain the shape of mirror surface type uniformly, and there was a 
problem that the fault of changing the shape of beam and a focal location arose. Moreover, the problem 
that it will be difficult and resonance frequency will vary by dispersion in board thickness had also 
controlled board thickness by the production process with high precision. 

[0015] Moreover, Optical MEMS 2000 Although the optical scanner which produced the mirror with the 
thin film and supported the perimeter with the frame in the report was made as an experiment, in the 
present condition, magnitude was 1mm or less, and when this was used having made the large-sized 
mirror correspond as it is, there was a problem that a mirror deformed at the time of actuation with high 
frequency, or the frame of the perimeter which is supporting the mirror deformed with the tensile stress 
of the mirror of a thin film. 
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[0016] This invention is made in view of a trouble which was described above, and the main purpose is 
in offering the light- scanning module, the equipment write-in [ optical ], and image formation equipment 
which used them for the light-scanning equipment or the oscillating mirror chip in which light scanning 
with it is possible, and the list, even when high-speed operation of the large-sized mirror substrate is 
carried out on a big deflection square. [ small deformation of a mirror side and ] [ stable ] Moreover, 
another purpose of this invention is about such light-scanning equipment or an oscillating mirror chip to 
offer [ easy and ] the approach of manufacturing by low cost. 
[0017] 

[Means for Solving the Problem] The light-scanning equipment by this invention is characterized by 
forming the reinforcement section for suppressing the deformation to said mirror substrate, although it 
was the basic configuration which has the mirror substrate supported with two beams according to claim 
1 were prepared on the same straight line like, and a mirror driving means for twisting said beam and 
carrying out both-way vibration of said mirror substrate as a revolving shaft. As mentioned above, if 
board thickness becomes [ a mirror substrate ] large thinly, it will be easy to deform a mirror substrate at 
the time of vibration with high frequency, but with the light- scanning equipment of this invention, since 
such deformation is suppressed and the surface smoothness of a mirror side can be maintained by the 
reinforcement section formed in the mirror substrate, the shape of beam and a focal location are 
stabilized. 

[0018] Another description of the light-scanning equipment by this invention is a thing [ that the 
reinforcement section is formed in the mirror side of a mirror substrate and the field of the opposite 
side ] according to claim 2 like, even if the reinforcement section is formed, since it is usable, a mirror 
side has the large degree of freedom of the shape of beam which can be used, and its versatility of light- 
scanning equipment increases the whole surface. 

[0019] Another description of the light-scanning equipment by this invention is consisting of a 
protruding line-like rib prolonged in the direction according to claim 3 in which a beam and the 
reinforcement section cross at right angles like, and it can control effectively deformation of a part far 
from the beam of the mirror substrate which is the easiest to produce deformation, stopping [ whether 
the increment in the moment of inertia of a mirror substrate can be performed, and ]. Moreover, the 
reinforcement section which consists of a protruding line can really be easily formed with a mirror 
substrate according to a semi-conductor process like the after-mentioned. 

[0020] Like, another description of the light-scanning equipment by this invention is a thing [ that the 
reinforcement section consists of a grid-like protruding line-like rib ] according to claim 4, it also 
controls torsion deformation of a mirror substrate effectively, and light scanning in the stable shape of 
beam of it becomes possible. Moreover, the reinforcement section which consists of a protruding line- 
like rib of the shape of such a grid can also a mirror substrate and really be easily formed according to a 
semi-conductor process. 

[0021] Another description of the light-scanning equipment by this invention is that the reinforcement 
section is formed also in the edge according to claim 5 combined with the beam of a mirror substrate 
like, it can increase the joint cross section of a beam and a mirror substrate, can raise that bond strength, 
and can raise the dependability of light-scanning equipment while it can control deformation of a mirror 
substrate more certainly by the reinforcement section of this edge. 

[0022] Another description of the light-scanning equipment by this invention is that the reinforcement 
section is formed also in the mirror substrate edge according to claim 6 which acts like as a movable 
electrode which is the element of a mirror driving means, by the reinforcement section, can make the 
area of a movable electrode able to increase and the reinforcement effectiveness not only increases, but 
it can lower the driver voltage of a mirror substrate. 

[0023] The shooting-that of light-scanning equipment by this invention description is considering as the 
flat-surface configuration width of face's being the widest, by part for the both ends according to claim 7 
whose beam's was pinched for the mirror substrate like, can make moment of inertia of a mirror 
substrate small, and can attain low-battery-ization of driver voltage. 

[0024] Moreover, the description of the manufacture approach of the light-scanning equipment by this 
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invention Since it is forming the reinforcement section for carrying out etching processing of the silicon 
substrate at a concave, and suppressing deformation of a mirror substrate like by the heights according 
to claim 8 which remained and a mirror substrate and the reinforcement section can really be fabricated 
using a semi-conductor process Manufacture by low cost is attained in the light-scanning equipment in 
which light scanning is possible in the light beam configuration stabilized by suppressing deformation of 
a mirror substrate and maintaining the surface smoothness of a mirror side. 

[0025] Moreover, the light-scanning equipment by this invention has the mirror substrate according to 
claim 9 which is supported by the torsion beam like, sets a revolving shaft as said torsion beam, and 
carries out both-way vibration, and penetrates a single substrate. In the light-scanning equipment with 
which said torsion beam, said mirror substrate, and the frame that combines said torsion beam and 
supports a mirror substrate were really formed said mirror substrate It is characterized by having the 
field of the rib which made said torsion beam and thickness the same, and a meat omission field thinner 
than the thickness of said torsion beam. Since surface smoothness can be maintained without distorting 
the monotonous section also at the time of vibration only at the time of quiescence since it be really 
formed from the supporter, such light scanning covering [ of a configuration ] it over moving part and 
rigidity be maintainable, reinforcement being highly excellent in endurance, and lightweight-izing a 
mirror substrate according to rib structure, light scanning in the always stabilized shape of beam become 
possible. 

[0026] Said mirror substrate has another description of the light-scanning equipment by this invention in 
having the rib according to claim 10 which extends said torsion beam and penetrates said mirror 
substrate, and the rib which borders said mirror substrate like. Such light-scanning equipment of a 
configuration can obtain the stable scan shape of beam from it being effective in raising the location 
precision of the medial axis of vibration with the rib which can reduce deformation of the direction and 
the parallel direction which intersect perpendicularly with a torsion beam, extends a torsion beam 
further, and penetrates a mirror substrate with the rib which trims a mirror at the time of vibration. 
[0027] Another description of the light-scanning equipment by this invention is to have a mirror side in 
the field according to claim 1 1 where said mirror substrate has said rib field and said meat omission field 
like, and the field of the opposite side. According to such a configuration, since the whole mirror side 
surface can be used, the degree of freedom of the shape of beam which can be used is large, and 
versatility improves. 

[0028] Said mirror substrate has another description of the light-scanning equipment by this invention in 
intersecting said rib according to claim 12 which extends said torsion beam and penetrates said mirror 
substrate, and having the rib which constructs a bridge in said rib which borders said mirror substrate 
like. Thus, for a ** reason, the rib which constructs a bridge in the rib which borders a mirror substrate 
can reduce deformation of a mirror substrate effectively with the rib of the direction which inertial force 
hears greatly at the time of vibration, and can obtain the stable scan shape of beam. 
[0029] Another description of the light-scanning equipment by this invention is to pass in the direction 
which intersects perpendicularly with said rib with which said rib which constructs a bridge like in said 
rib according to claim 13 which borders said mirror substrate extends said torsion beam, and penetrates 
said mirror substrate. That is, since a rib will be arranged by the shortest die length in the direction 
which inertial force hears greatly, deformation of a mirror substrate can be reduced effectively, while the 
stable scan shape of beam can be obtained, the increment in weight of the mirror substrate by this rib can 
be suppressed to the minimum, and reduction of a deflection angle can be made into min. 
[0030] Another description of the light-scanning equipment by this invention Since said mirror substrate 
is in a thing [ having the rib of the shape of two or more grid ] according to claim 14, can make smaller 
deformation of the mirror substrate of the direction which intersects perpendicularly with a torsion 
beam, and an parallel direction and becomes strong also to torsion deformation of a mirror substrate like, 
Since the stable scan shape of beam can be obtained and the increment in weight of a mirror substrate 
can be suppressed to the minimum, reduction of a deflection angle can be made into min. 
[0031] Another description of the light-scanning equipment by this invention is to have arranged -the rib 
of the shape of said grid so that it may come on said rib according to claim 15 with which the center of 
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gravity of said mirror substrate extends said torsion beam, and penetrates said mirror substrate like. 
Thus, the scan shape of beam which vibration of a mirror substrate was stabilized when it was made for 
the center of gravity of a mirror substrate to come on a revolving shaft, therefore was stabilized can be 
obtained. 

[0032] Another description of the light-scanning equipment by this invention is to have arranged the rib 
of the shape of said grid so that it may become the center position of said rib according to claim 16 with 
which the center of gravity of said mirror substrate extends said torsion beam, and . penetrates said mirror 
substrate like. Thus, since the center of gravity of a mirror substrate comes to the core of the direction of 
a revolving shaft on a revolving shaft, little stable vibration is obtained and deformation of the direction 
of a beam of a mirror substrate can also obtain the scan shape of beam stabilized more. 
[0033] Since another description of the light-scanning equipment by this invention is in a thing [ that the 
angle like the intersection of said rib is a curve-like ] according to claim 17 like, the stress concentration 
at the time of vibration in the part is eased and the crack initiation from there decreases, endurance 
improves. 

[0034] Since it is in the angle of the part where said torsion beam and said rib which borders said mirror 
substrate according to claim 18 cross like being a curve-like, the stress concentration at the time of 
vibration in the part is eased and the crack initiation of another description of the light-scanning 
equipment by this invention from there decreases, its endurance improves. 
[0035] Said mirror substrate and said torsion beam have another description of the light-scanning 
equipment by this invention in it being in the physical relationship according to claim 19 said whose 
mirror side and medial axis of said torsion beam correspond like. By considering as such physical 
relationship, the location gap at the time of torsion rotation of the beam irradiated by the mirror side can 
be lost, and the scan location precision of a reflective beam can be raised. 

[0036] Another description of the light-scanning equipment by this invention is to have countered with 
this movable electrode and have prepared [ the movable electrode was prepared in the part parallel / 
like / to said torsion beam of said rib according to claim 20 which trims said mirror substrate, and ] the 
fixed electrode in said frame. Without making an electrode surface product increase and raising driver 
voltage by taking the large board thickness lay length of an electrode, electrostatic big torque can be 
acquired, it can sway and an angle can be made to increase according to such a configuration. 
[0037] Another description of the light-scanning equipment by this invention i s i na ******** rather 
than the die length of said rib with which the die length of a part parallel [ like ] to said torsion beam of 
said rib according to claim 21 which trims said mirror substrate extends said torsion beam, and 
penetrates said mirror substrate. According to such a configuration, since the large die length of a 
movable electrode can be taken, the further increment is possible in an electrode surface product, 
therefore it carries out by making electrostatic torque increase further, without raising driver voltage, 
and it becomes possible to vibrate a mirror substrate on a bigger deflection square. 
[0038] Another description of the light-scanning equipment by this invention is in a thing [ that said 
movable electrode and fixed electrode are a ctenidium-like ] according to claim 22 like. Thus, since 
ctenidium-like electrode structure can enlarge an electrode surface product compared with superficial 
electrode structure, it can enlarge more electrostatic torque in the same electrical potential difference, 
and can enlarge a deflection angle more. 

[0039] It is in a thing [ that said mirror substrate and said torsion beam are formed with single crystal 
silicon ] according to claim 23 like, since there are few defects, another description of the light-scanning 
equipment by this invention is reliable to a structural material, and endurance is also excellent, and since 
processing is easy, it is advantageous to it also in cost. 

[0040] Since the description of the manufacture approach of the light-scanning equipment by this 
invention is in a thing [ that said mirror substrate and said torsion beam really form by micro processing 
of the same ingredient substrate ] according to claim 24 like and moving part is really formed, 
reinforcement is highly excellent in endurance. 

[0041] Another description of the manufacture approach of the light-scanning equipmentby this - ■ - 
invention is advantageous like cost to be in forming the field of said rib of said mirror substrate, and for 
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a production process become [ like, carry out micro processing of the same ingredient substrate to a 
concave, and form said meat omission field of said mirror substrate, and ] easy by the heights according 
to claim 25 which remained. 

[0042] Another description of the light-scanning equipment by this invention is to have held in the 
reduced pressure container possessing the part which has the light beam deflected with said mirror 
substrate like in a means according to claim 26 to drive said mirror substrate and this mirror substrate 
penetrated, and the terminal area for connection with said driving means. According to such a 
configuration, since the viscous drag of the oscillating space of a mirror substrate becomes small, a big 
deflection angle can be acquired by small driving torque. 

[0043] The description of the equipment write-in [ optical ] by this invention is to have a means for 
carrying out incidence of the light beam according to claim 27 modulated by the record signal to claim 1 
thru/or the light-scanning equipment of 23 given in any 1 term to the mirror side of the mirror substrate 
of said light-scanning equipment, and a means for carrying out image formation of said light beam 
reflected in respect of the mirror to a scan layer-ed like. Since its power consumption is small since such 
equipment of a configuration write-in [ optical ] can drive light-scanning equipment by the low battery, 
and the whizzing sound at the time of a both-way vibration of a mirror substrate is small, it excels also 
in the field of silence. Moreover, since the large thing as a mirror substrate of light-scanning equipment 
which has a high precision can be used, the degree of freedom of the shape of beam which can be used is 
greatly excellent also in the field of versatility. 

[0044] Like a publication the description of the image formation equipment by this invention to claim 
28 Claim 1 thru/or the light-scanning equipment of 23 given in any 1 term, Electrostatic latent-image 
support and the means for carrying out incidence of the light beam modulated by the record signal to the 
mirror side of the mirror substrate of said light-scanning equipment, It has a means for carrying out 
image formation of said light beam reflected in respect of the mirror to said electrostatic latent-image 
support, and is in the electrostatic latent image according to said record signal being formed on said 
electrostatic latent-image support. While it is possible to carry out light scanning of the electrostatic 
latent-image support in the stable light beam configuration, and to perform image formation, it excels in 
the field of power consumption and silence. 

[0045] In the oscillating mirror chip which has the mirror driving means which carries out torsional 
oscillation of said mirror substrate to the mirror substrate which invention according to claim 29 is 
supported with a torsion beam, and deflects a light beam by setting a revolving shaft as said torsion 
beam, said mirror substrate is characterized by having the mirror part formed in the shape of a thin film, 
and the frame combined with said mirror part. 

[0046] Since said mirror substrate has the mirror part formed in the shape of a thin film, and the frame 
combined with said mirror part according to invention according to claim 29, a mirror substrate is large- 
sized and lightweight, and sways, an angle is large, and deformation of the mirror substrate at the time 
of actuation is reduced, and the oscillating mirror chip which can obtain the stable shape of beam can be 
offered. 

[0047] In an oscillating mirror chip according to claim 29, as for invention according to claim 30, said 
mirror part is characterized by said frame having a mirror side in the opposite side the side combined. 
[0048] According to invention according to claim 30, since it has a mirror side in the side and the 
opposite side where said frame is combined, said mirror part can use the whole surface of a mirror side 
effectively, and does not have loss of a beam. 

[0049] It is characterized by invention according to claim 3 1 having the reinforced beam to which said 
frame constructs a bridge in the inside of said frame on extension of said torsion beam in an oscillating 
mirror chip according to claim 29 or 30. 

[0050] Since said frame has the reinforced beam which constructs a bridge in the inside of said frame on 
extension of said torsion beam according to invention according to claim 3 1, the revolving shaft which 
twists at the time of actuation and passes along a beam is stabilized, deformation of the direction of a 
torsion beam of the frame at the time of actuation is reduced, the unnecessary oscillation mode can be 
suppressed and the stable shape of beam can be obtained. 
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[0051] Invention according to claim 32 is characterized by having a reinforced beam in the direction in 
which said revolving shaft and said frame cross at right angles in the oscillating mirror chip of 3 1 claim 
29 thru/or given in any 1 term. 

[0052] According to invention according to claim 32, since it has a reinforced beam in the direction 
which intersects perpendicularly with said revolving shaft, said frame can reduce deformation of the 
hand of cut of the mirror part at the time of actuation, and can obtain the stable shape of beam. 
[0053] In the oscillating mirror chip of 32 claim 29 thru/or given in any 1 term, to said revolving shaft, 
invention according to claim 33 is axial symmetry, and is characterized by having the reinforced beam 
which is axial symmetry to the shaft which intersects perpendicularly with said revolving shaft through 
the core of said revolving shaft. 

[0054] Since according to invention according to claim 33 it has the reinforced beam which is axial 
symmetry to the shaft which is axial symmetry and intersects perpendicularly with said revolving shaft 
through the core of said revolving shaft to said revolving shaft and deformation can be equally reduced 
for the time of actuation into the whole mirror part, the stable shape of beam can be obtained. 
[0055] At least one of the corners of a part that, as for invention according to claim 34, said reinforced- 
beam comrade crosses mutually the corner of a part that the corner, said inside frame, and said inside 
reinforced beam of said frame cross in the oscillating mirror chip of 33 claim 29 thru/or given in any 1 
term, and a list is characterized by being formed in a curved surface. 

[0056] According to invention according to claim 34, since it is formed in a curved surface, at least one 
of the corner of a part that the corner, said inside frame, and said inside reinforced beam of said frame 
cross, and the corners of a part that said reinforced-beam comrade crosses a list mutually can ease the 
stress concentration to the part of a corner, and it can reduce breakage of the mirror substrate at the time 
of actuation or handling. 

[0057] Invention according to claim 35 is characterized by said frame and/or said reinforced beam being 
the same thickness as said torsion beam in the oscillating mirror chip of 34 claim 29 thru/or given in any 
1 term. 

[0058] According to invention according to claim 35, since said frame and/or said reinforced beam are 

the same thickness as said torsion beam, a torsion beam, a frame, and the coincidence formation of a 

reinforced beam of them are attained, and they can form an oscillating mirror chip by low cost. 

[0059] Invention according to claim 36 is characterized by isolating said reinforced beam with said 

mirror part in the oscillating mirror chip of 34 claim 3 1 thru/or given in any 1 term. 

[0060] Since said reinforced beam is isolated with said mirror part according to invention according to 

claim 36, a frame fully maintains the rigidity by the reinforced beam, and a mirror part does not almost 

have distortion, and the high profile irregularity of surface smoothness can be acquired. 

[0061] Invention according to claim 37 is characterized by the medial axis of said torsion beam passing 

along said mirror part, as for said mirror part in the oscillating mirror chip of 34 claim 29 thru/or given 

in any 1 term. 

[0062] According to invention according to claim 37, since the medial axis of said torsion beam passes 
along said mirror part, the medial axis of vibration will pass along said mirror part into a mirror part, and 
it becomes easy [ an optical design ]. 

[0063] Invention according to claim 38 is characterized by forming said mirror part with the thin film 
which has tensile stress in the oscillating mirror chip of 37 claim 29 thru/or given in any 1 term. 
[0064] According to invention according to claim 38, since it is formed with the thin film which has 
tensile stress, said mirror part can secure the surface smoothness in the inside of the frame of a thin film 
with tensile stress, and can obtain the stable shape of beam. 

[0065] Invention according to claim 39 is characterized by forming said mirror part of multilayers in the 
oscillating mirror chip of 38 claim 29 thru/or given in any 1 term. 

[0066] According to invention according to claim 39, since it is formed of multilayers, said mirror part 
can utilize the thin film which has two or more various functions, can design a mirror part, and its 
degree of freedom of the design in structure ****** is high, and it can produce a highly efficient 
oscillating mirror chip by low cost. 
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[0067] It is characterized by invention according to claim 40 having the movable electrode with which 
said mirror driving means was prepared in said frame, and said movable electrode and the fixed 
electrode installed in the location which counters in the oscillating mirror chip of claim 29 ** 39 given 
in any 1 ****. 

[0068] According to invention according to claim 40 5 since it has the movable electrode prepared in said 
frame, and said movable electrode and the fixed electrode installed in the location which counters, said 
mirror driving means can be simple for electrode structure, can be cheap, and can drive a mirror 
substrate efficiently. [ of a manufacturing cost ] 

[0069] Invention according to claim 41 is characterized by said movable electrode being a ctenidium- 
like in an oscillating mirror chip according to claim 40. 

[0070] According to invention according to claim 41, since said movable electrode is a ctenidium-like, 
an electrode surface product can be large, therefore driving torque can be enlarged, and the deflection 
angle of a mirror substrate can be enlarged. 

[0071] Invention according to claim 42 is characterized by having in a container the oscillating mirror 
chip of 41 claim 29 thru/or given in any 1 term, the transparency part of the light beam deflected with 
this oscillating mirror chip, and the terminal area connected to said mirror driving means of said 
oscillating mirror chip in a light-scanning module. 

[0072] According to invention according to claim 42, claim 29 thru/or the oscillating mirror chip of 41 
given in any 1 term, Since it has in a container the transparency part of the light beam deflected with this 
oscillating mirror chip, and the terminal area connected to said mirror driving means of said oscillating 
mirror chip A mirror substrate is large-sized and lightweight, and sways, an angle is large, and 
deformation of the mirror substrate at the time of actuation is reduced, and a light-scanning module 
equipped with the oscillating mirror chip which can obtain the stable shape of beam can be offered. 
[0073] Invention according to claim 43 is characterized by having the catoptric system to which the 
multiple echo of said light beam is further carried out on said mirror substrate of said oscillating mirror 
chip in a light-scanning module according to claim 42. 

[0074] Since it has the reflecting optical system to which the multiple echo of said light beam is further 
carried out on said mirror substrate of said oscillating mirror chip according to invention according to 
claim 43, even if the deflection angle of a mirror substrate is small, the angle of emergence of the light 
beam from a light- scanning module can be enlarged. 

[0075] Invention according to claim 44 is characterized by having a light source means to generate a 
light beam, the light-scanning module according to claim 42 or 43 which scans this light beam, and the 
optical system to which image formation of said light beam scanned with this light-scanning module is 
carried out in light-scanning equipment. 

[0076] A light source means to generate a light beam according to invention according to claim 44, 
Since it has the light-scanning module according to claim 14 or 15 which scans this light beam, and the 
optical system to which image formation of said light beam scanned with this light-scanning module is 
carried out A mirror substrate is large-sized and lightweight, and sways, an angle is large and 
deformation of the mirror substrate at the time of actuation is reduced. Light-scanning equipment 
equipped with the oscillating mirror chip which can obtain the stable shape of beam can be offered, 
since the oscillating mirror chip is small, light-scanning equipment is made in a miniaturization, and 1 or 
two or more light-scanning equipments can be arranged. 

[0077] In light-scanning equipment according to claim 44, said oscillating mirror chip is the part of said 
mirror side which said reinforced beam over which said mirror part has a mirror side in the side and the 
opposite side where said frame is combined, and constructs a bridge in the inside of said frame and this 
frame has not combined with said mirror part, and invention according to claim 45 is characterized by 
said light beam reflecting. 

[0078] Since according to invention according to claim 45 said oscillating mirror chip is the part of said 
mirror side which said reinforced beam over which said mirror part has a mirror side in the side and the 
* ""opposite side where said frame is combined, and constructs" a bridge in the inside of said frame and this 
frame has not combined with said mirror part and said light beam reflects, there is no distortion of a 
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mirror side and the shape of beam which reflected the light beam and was stabilized in the high part of 
surface smoothness can be obtained. 

[0079] Invention according to claim 46 is characterized by having light-scanning equipment according 
to claim 44 or 45, the photo conductor which forms an electrostatic latent image with this light-scanning 
equipment, a development means to develop said electrostatic latent image with a toner, and an imprint 
means to imprint the toner image which this development means developed on the recording paper in 
image formation equipment. 

[0080] According to invention according to claim 46, light-scanning equipment according to claim 44 or 
45, Since it has the photo conductor which forms an electrostatic latent image with this light-scanning 
equipment, a development means to develop said electrostatic latent image with a toner, and an imprint 
means to imprint the toner image which this development means developed on the recording paper A 
mirror substrate is large-sized and lightweight, and sways, an angle is large and deformation of the 
mirror substrate at the time of actuation is reduced. Image formation equipment equipped with the 
oscillating mirror chip which can obtain the stable shape of beam is offered, since the oscillating mirror 
chip is small, image formation equipment can be miniaturized and the noise of light-scanning equipment 
and vibration can be further made small. 

[0081] In the manufacture approach of an oscillating mirror chip that invention according to claim 47 is 
equipped with the frame combined with the thin film-like mirror part from a substrate, and this mirror 
part, and the reinforced beam which constructs a bridge in the inside of this frame The membrane 
formation step which forms a mirror layer at least to the field of the side which forms said mirror part of 
said substrate, The mask formation step which forms the mask pattern which leaves said frame and said 
reinforced beam in the field which forms said mirror part of said substrate, and the field of the opposite 
side, It is characterized by including the penetration step which penetrates the periphery of said mirror 
part by penetration etching of a substrate from the field which forms said mirror part of said substrate, 
and the field of the opposite side. 

[0082] The membrane formation step which forms a mirror layer at least to the field of the side which 
forms said mirror part of said substrate according to invention according to claim 47, The mask 
formation step which forms the mask pattern which leaves said frame and said reinforced beam in the 
field which forms said mirror part of said substrate, and the field of the opposite side, Since the 
penetration step which penetrates the periphery of said mirror part by penetration etching of a substrate 
is included from the field which forms said mirror part of said substrate, and the field of the opposite 
side, this invention can offer the manufacture approach of an oscillating mirror chip [ that it is easy and 
low cost ]. 

[0083] Invention according to claim 48 is a silicon substrate in which said substrate has an etching halt 
layer in between in the manufacture approach according to claim 47, and the field of the side which 
forms said mirror part is characterized by being the field of an etching halt layer. 
[0084] According to invention according to claim 48, said substrate is a silicon substrate which has an 
etching halt layer in between, and since it is the field of an etching halt layer, the field of the side which 
forms said mirror part can etch easily the silicon substrate on both sides of an etching halt layer, and can 
manufacture an oscillating mirror chip easily. 

[0085] Invention according to claim 49 is characterized by said membrane formation step including 
membrane formation of the stress accommodation film further in the manufacture approach according to 
claim 47 or 48. 

[0086] According to invention according to claim 49, since membrane formation of the stress 
accommodation film is included further, said membrane formation step can adjust the stress of a mirror 
part easily by carrying out the laminating of the stress accommodation film. 
[0087] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with 
reference to an accompanying drawing. 
* [0088] The configuration of the light-scanning equipment by the* 1st example of this invention is shown 
in drawing 1 . (a) of drawing 1 is the outline central sectional view of light-scanning equipment, and (b) 
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is the outline rear-face Fig. of light-scanning equipment. 

[0089] In drawing 1 , 101 is a mirror substrate, is the center section of the two edges 109,1 10 which 
countered, and is supported by two torsion beams 1 02 and 1 03 prepared on the straight line. The mirror 
substrate 101 is the structure where the metal thin film 115 which has sufficient reflection factor in the 
front face ( drawing 1 (a) top face) of the monotonous section of an abbreviation square to use light was 
formed as a mirror side, and the protruding line 121 (it is hereafter describe as a rib) for reinforcement 
prolong in the direction which intersects perpendicularly with the torsion beam 102,103 arranged two or 
more in the rear face of the monotonous section, and was formed in it as the reinforcement section. In 
the rear face of the mirror substrate 101, the thickness of the field of a rib 121 is the same as the 
thickness of the torsion beam 102,103. That is, fields other than this rib field are meat omission fields 
thinner than the torsion beam 102,103. The torsion beams 102 and 103 have a dimension with torsional 
rigidity from which resonance frequency required as light-scanning equipment is obtained, and are being 
fixed to the inner frame (frame) 104. This inner frame 104 is having the perimeter fixed with the outside 
frame 120 with larger board thickness (frame) than it. 

[0090] This light-scanning equipment has a mirror driving means for twisting a beam 102,103 and 
carrying out both-way vibration of the mirror substrate 101 as a revolving shaft using electrostatic force. 
This mirror driving means specifically consists of the fixed electrode for a drive, a movable electrode 
and the fixed electrode for starting, and a movable electrode so that it may explain below, and the edge 
of the mirror substrate 101 is used as these movable electrodes. 

[0091] The edge 105,106 which is not supported by the beam 102,103 of the mirror substrate 101 is 
making the ctenidium configuration, and has countered the same fixed electrodes 107 and 108 for the 
drive of a ctenidium configuration prepared in the inner frame 104 of the same part in the 
**************** f orm i n the minute gap. This ctenidium-like edge 105,106 acts as a movable 
electrode for a drive. Moreover, the edge 109,1 10 currently supported by the beam 102,103 of the mirror 
substrate 101 is making the straight-line configuration, and is carrying out ******** opposite of the 
same fixed electrode 1 1 1,1 12 for starting of a straight-line configuration which shifted in it and the 
substrate thickness direction and was prepared in the outside frame 120, and the minute gap. The parts 
of this fixed electrode 1 1 1,1 12 and the mirror substrate edge 109,1 10 which counters act as a movable 
electrode for starting. 

[0092] The inner frame 104 and the outside frame 120 are integral construction which consists of a 
conductive ingredient, and the insulating material 1 13 is formed in the front face. On the insulating 
material of the inside end face of the outside frame 120, said fixed electrodes 1 1 1 and 1 12 for starting 
are formed at the edges 109 and 1 10 of the mirror substrate 101 at the location which carries out 
contiguity opposite, respectively. In this part, the outside frame 120 is thicker than the mirror substrate 
101, and the mirror substrate edges 109 and 1 10 and fixed electrodes 111 and 1 12 are shifted in the 
substrate thickness direction, and are made into the physical relationship which does not lap mutually. 
[0093] Moreover, the part which the insulating material 113 was removed by a part of outside frame 
120, and the conductive ingredient exposed is formed, and the pad 1 14 for electrode drawers is formed 
in the part. The fixed electrodes 107 and 108 for a drive formed in the ctenidium configuration end face 
of the inner frame 104 and the fixed electrodes 1 1 1 and 1 12 for starting formed in the inside end face of 
the outside frame 120 are pulled out to the pads 1 16 and 1 17 formed in the front face of the outside 
frame 120, and the putt 1 1 8 and 1 1 9 formed in the rear face. 

[0094] Actuation of the light-scanning equipment of such a configuration is explained with reference to 
drawing 2 . The mirror substrate 101 supported with two beams 102 and 1031 is grounded through the 
pad 1 14 for electrode drawers formed on the outside frame 120. If the electrical potential difference of 
50V is impressed to the fixed electrode 1 1 1,1 12 for starting For example, in order that electrostatic 
attraction may work between the fixed electrodes 1 1 1,1 12 for starting and the edges 109,1 10 of the 
mirror substrate 101 which are shifted and prepared in the substrate thickness direction so that the gap of 
5 micrometers may be separated and it may not lap mutually, As a beam 102,103 is driven in the 
direction of the counterclockwise rotation in drawing as a torsion revolving shaft and with a circle [ A ] 
finally encloses and shows to drawing 2 (a), the mirror substrate 101 By shaking the mirror substrate 
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101 to the location where a part laps [ the mirror substrate edge 109,1 10 ] with the fixed electrode 
1 1 1,1 12 for starting, the level difference of magnitude required for oscillating initiation arises between 
the fixed electrode 107,108 for a drive, and the edge 105,106 of the mirror substrate 101 . In addition, 
therefore, also when the torsional rigidity of a beam 102,103 is large, it can make it produce a level 
difference required for starting with the structure of the light-scanning equipment of this invention it to 
be easy to form the fixed electrode 1 1 1,1 12 for starting in the level difference direction widely, and to 
do so. 

[0095] Next, if the electrical potential difference of 50V is impressed, the mirror substrate 101 will sway 
in the direction of a clockwise rotation to the fixed electrode 107,108 for a drive by the torsional rigidity 
of the electrostatic attraction and the beam 102,103 which work between this electrode and the edge 
105,106 of the mirror substrate 101, at the same time it severs the electrical-potential-difference 
impression to the fixed electrode 1 1 1,1 12 for starting. It sways to the location which the torsional 
rigidity of moment of inertia and a beam 102,103 hangs, and suits as the mirror substrate 101 sways 
further in the direction of a clockwise rotation by moment of inertia when the mirror substrate 101 
arrived at the horizontal position and the electrical-potential-difference impression to the fixed electrode 
107,108 for a drive is severed, as shown in drawing 2 (b), and finally shown in drawing 2 (c). If an 
electrical potential difference is again impressed to the fixed electrode 107,108 for a drive just behind 
that, the mirror substrate 101 will sway in the direction of a counterclockwise rotation by electrostatic 
attraction and the torsional rigidity of a beam 102,103. And if the electrical-potential-difference 
impression to the fixed electrode 107,108 for a drive is severed when the mirror substrate 101 arrives at 
a horizontal position again like drawing 2 (d), the mirror substrate 101 will sway further to the location 
which moment of inertia and the torsional rigidity of a beam 102,103 hang and suit. 
[0096] By setting the drive frequency of the mirror substrate 101 by such fixed electrode 107,108 for a 
drive as the resonance frequency of the mirror substrate 101, both- way vibration (rocking) of the mirror 
substrate 101 can be carried out on a bigger deflection square than the variation rate at the time of 
starting by the fixed electrode 1 1 1,1 12 for starting. 

[0097] The timing of the mirror scan angle in such a drive approach and a driving pulse is shown in 
drawing 3 . Only the time amount T which a mirror moves towards the center of an image where a scan 
angle becomes 0 impresses a driving pulse, using as delta like illustration delay of the pulse impression 
initiation from the time amount from which a scan angle serves as max. That is, two times will carry out 
a pulse drive among one period. 

[0098] In the light-scanning equipment of this example, even if it makes thin board thickness of the 
monotonous section of the mirror substrate 101 so that it may become the predetermined moment of 
inertia after enlarging area of the mirror substrate 101, deformation of the mirror substrate 101 at the 
time of quiescence and vibration can be effectively suppressed with the stiffening rib 121 prepared in the 
rear face of the monotonous section of the mirror substrate 101. Therefore, since the surface smoothness 
of a mirror side is maintained also at the time of vibration with high frequency, light scanning in the 
stable shape of beam is possible. In addition, it is a suitable configuration to demonstrate sufficient 
reinforcement effectiveness, pressing [ whether the increment in the moment of inertia of the mirror 
substrate 101 can be performed, and ] down a rib 121. Moreover, although it is easy to produce 
deformation of the mirror substrate 101 in the part which is separated from a beam 102,103, according 
to the rib 121 prolonged in the direction which intersects perpendicularly with a beam 102,103 like this 
example, the deformation in such a part can be controlled effectively. Moreover, since a stiffening rib 
121 is formed in the rear face (a mirror side and field of the opposite side) of the monotonous section of 
the mirror substrate 101, the whole monotonous section front face can be used as a mirror side, therefore 
versatility is [ the degree of freedom of the shape of beam which can be used is large, and ] high [ the 
light-scanning equipment of this example ]. Furthermore, since the rib 121 prepared in the rear face of 
the mirror substrate 101 can be easily formed by the approach of leaving as heights in case it carries out 
etching processing of the silicon substrate at a concave so that it may explain in relation to drawing 4 (d) 
and drawing 5 (e), it does not cause complication of the manufacture process of light-scanning 
equipment. 
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[0099] Next, an example of the manufacture approach of the light-scanning equipment of this invention 
of a configuration as explained above is explained with reference to drawing 4 thru/or drawing 6 . The 
manufacture process of apply [ it / like the light-scanning equipment of the 2nd after-mentioned 
example, the 3rd example, and the 4th example ] described below is clear. 

[0100] The silicon substrate of low resistance in which the high-concentration impurity was contained is 
used from the ability of each whole member to be used [ that highly precise micro processing is easy as 
an ingredient of the mirror substrate of light-scanning equipment, a torsion beam, and a frame, and ] 
now as a common electrode. 

[0101] First, the hyperviscous heatproof resist 202 is applied by the thickness of 100 micrometers, for 
example as a mask to have carried out [ which etches silicon into one side of the silicon substrate 201 
with a thickness of 200 micrometers deeply ] double-sided polish ( drawing 4 (a)), nickel plating film 
etc. may be used that what is necessary is just the ingredient which can be easily removed after etching 
greatly [ adhesion with silicon is good and ] as mask material used here to extent which remains as a 
mask also at the time of silicon etching whose selection ratio at the time of etching is 100 micrometers. 
[0102] Next, patterning is carried out to an inner frame configuration in exposing and developing this 
resist ( drawing 4 (b)). 

[0103] An etch rate carries out etching removal of the silicon substrate by 100-micrometer Fukashi by 
using this resist as a mask at an inner frame configuration using the large, high dry etching system (ICP- 
RIE) of an anisotropy ( drawing 4 (c)). The fixed electrode 1 1 1,1 12 for starting is formed in the level 
difference part of the etching end face formed here at a back process. 

[0104] After dissolving and removing a resist 202, patterning is carried out to the configuration of the 
protruding line 121 for reinforcement in applying and developing [ expose and ] the hyperviscous 
heatproof resist 203 by the thickness of 100 micrometers again to the substrate with which the level 
difference was formed ( drawing 4 (d)). 

[0105] And etching removal of the silicon substrate of the part made thin to 100 micrometers by using 
this resist as a mask is carried out by 50-micrometer Fukashi at the configuration of a stiffening rib 121 
using a dry etching system (ICP-RIE) ( drawing 5 (e)). 

[0106] Next, the hyperviscous heatproof resist 204 is applied to the field and the silicon substrate side of 
the opposite side which were etched into the configuration of the inner frame 104 by the thickness of 
100 micrometers, and patterning of the rear face of the field where the silicon substrate of the frame 
inside became thin is carried out to the configuration of the mirror substrate 101 and a beam 102,103 
( drawing 5 (f)). 

[0107] The mirror substrate 101 and a beam 102,103 are formed by carrying out dry etching until an 
etch rate penetrates a silicon substrate by using this resist as a mask using the large, high dry etching 
system (ICP-RIE) of an anisotropy ( drawing 5 (g)). Thus, since it is the approach of forming the heights 
which carried out etching possible [ of the silicon substrate ] to the concave, and remained as a stiffening 
rib 121 as explained in relation to drawing 4 (d) and drawing 5 (e), the mirror substrate 101 can really be 
easily formed using a semi-conductor process. 

[0108] Next, after dissolving and removing the resist used as a mask at a last process, the whole 
substrate is oxidized thermally, and it is Si02 with a thickness of 1 micrometer to a front face as an 
insulating material with a substrate. The film 205 is formed ( drawing 5 (h)). 

[0109] Next, Si02 of a frame inside end face On the film, as a metal thin film 206,207 used as the fixed 
electrode 1 1 1,1 12 for starting and the fixed electrodes 107,108 for a drive, and those pads 
1 16,1 17,1 1 8,1 19 for drawers For example, after forming Ti thin film of 3 00 A thickness by the spatter, it 
is Pt of 1200A thickness. It is aluminum as a metal thin film 115 which forms a thin film by the spatter 
and serves as a mirror side of a mirror substrate front face further. A thin film 208 is formed ( drawin g 6 
(i)). In addition, about the fixed electrode for a drive which covered with the metallic stencil mask and 
approached by the same part, membranes were formed from across in the condition of having made the 
mirror substrate inclining using a jig so that a metal thin film might not be formed in any fields other 
than an electrode in the case of these membrane formation. Here, Ti thin film is Si02. Pt on the film It is 
for raising the adhesion of a thin film. In addition, it is Pt here. Although the thin film is used as an 
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electrode material, as long as conductivity is high and adhesion with Si02 is securable, the ingredient of 
Au 5 Ti ? and others may be used. Moreover, it is aluminum as a metal thin film for mirror sides. Although 
the thin film 208 was formed, if it is the metal thin film with which required sufficient reflection factor 
is obtained to the laser light used with light-scanning equipment, the ingredient of Au and others is also 
selectable. Moreover, although the spatter was used as the membrane formation approach here, 
membranes may be formed by other approaches, such as vacuum deposition and the ion plating method. 
[0110] Next, a part of Si02 on the rear face of a frame Etching removal of the film is earned out using a 
metal mask, and a contact hole 209 is formed ( drawing 6 (j)). aluminum as a pad 1 14 for impressing an 
electrical potential difference to a mirror substrate in the contact hole 209 which this silicon exposed A 
thin film 210 is formed using a metal mask, and in order to lower the electric resistance between it and a 
substrate, 400-degree C heat treatment is performed ( drawing 6 (k)). 

[0111] The light-scanning equipment in the 2nd example of this invention is explained with reference to 
drawing 7 . Drawing 7 (a) is the rear-face Fig. of a mirror substrate, and this drawing (b) is an A- A' 
sectional view of this drawing (a). 

[0112] Stiffening ribs 121a and 121b prepare also in the location which met the edge which the beam 
102,103 combined unlike said 1st example although the stiffening rib 121 with which 30 micrometers 
and magnitude were prolonged by thickness in the light-scanning equipment of this example in the 
direction which intersects perpendicularly with said 1st example and the same beam 102,103, for 
example was formed in the rear face of the monotonous section of the mirror substrate 101 of 4mm**, 
and it is ****. The height of each stiffening rib is 30 micrometers, and the thickness of a joint edge with 
the beam 102,103 of the mirror substrate 101 has become the same 60 micrometers as the thickness of a 
beam 102,103. Therefore, compared with the case where there are no stiffening ribs 121a and 121b, the 
bond strength of a beam 102,103 and the mirror substrate 101 increases, and the dependability of light- 
scanning equipment improves. Since the configuration of those other than this is the same as that of said 
1st example, explanation is omitted. 

[0113] The light-scanning equipment in the 3rd example of this invention is explained with reference to 
drawing 8 . Drawing 8 (a) is the rear-face Fig. of a mirror substrate, and this drawing (b) is a B-B* 
sectional view of this drawing (a). 

[0114] In the light-scanning equipment of this example, although 30 micrometers is prepared for 
thickness in the rear face of the monotonous section of the mirror substrate 1 01 of 4mm** and the 
stiffening rib 121 with a height of 30 micrometers is formed, for example for magnitude, unlike said 
each example, a stiffening rib 121 is prolonged to the direction and in parallel it intersects 
perpendicularly with a beam 102,103, and is made into the shape of a grid as a whole. Moreover, a 
stiffening rib 121 is formed also in the location along the edge and the electrode for a drive which are 
combined with the beam 121,122 of the mirror substrate monotonous section, and the edge which 
counters. Since the configuration of those other than this is the same as that of said 1st example, 
explanation is omitted. 

[0115] In the light-scanning equipment of this example, since the mirror substrate 101 is reinforced 
extensively and torsion deformation of the mirror substrate 101 is also effectively controlled with the 
stiffening rib 121 of the shape of an above grid, light scanning in the shape of beam stabilized further 
becomes possible. Moreover, like said 2nd example, the edge combined with the beam 102,103 of the 
mirror substrate 101 serves as the same thickness of 60 micrometers as a beam 102,103, and the bond 
strength of the mirror substrate 101 and a beam 102,103 increases it from said 1st example. Moreover, 
although the fixed electrode for a drive and the mirror substrate edge which counters act as a movable 
electrode, since only the part of a stiffening rib 121 increases and the thickness of this edge is also set to 
60 micrometers, the area of a movable electrode increases from said each example, consequently the 
drive of it is attained on a lower electrical potential difference in the mirror substrate 101 . 
[0116] The light-scanning equipment in the 4th example of this invention is explained with reference to 
drawing 9 . Drawing 9 is the rear- face Fig. of the mirror substrate 101 . As shown in this drawing, in this 
example, the mirror substrate 101 has the flat-surface configuration of an abbreviation H mold which 
becomes the largest in the parts of a part for the both ends whose beam 102,103 was pinched, i.e., the 
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fixed electrode for a drive, and the edge of the side which counters. Such a flat-surface configuration is 
effective for low-battery-izing of reduction of the moment of inertia of the mirror substrate 101, and the 
driver voltage by it. Moreover, a stiffening rib 121 is formed also in the location along the edge which 
acts as the edge which is formed in the shape of a grid as well as said 3rd example, and is combined with 
a beam 102,103, and a movable electrode. Therefore, bond strength with the beam 102,1 03 of the mirror 
substrate 101 can be raised, and the area of a movable electrode is increased, and low-battery-ization of 
driver voltage can be attained. 

[0117] The light-scanning equipment in the 5th example of this invention is explained with reference to 
drawing 10 . (a) of drawing 10 is the outline central sectional view of light-scanning equipment, and (b) 
is the outline rear- face Fig. of light-scanning equipment. 

[0118] Although a stiffening rib 121 is formed in the rear-face side of the mirror substrate 101 like said 
each example, in this example, rib 122e which borders rib 12 Id which extends the torsion beam 102,103 
and crosses the mirror substrate 101 as a stiffening rib 121, and the periphery of the mirror substrate 101 
is prepared. The thickness twists the field of these ribs 121, it has become the same as that of a beam 
102,103, and the other field is a thin meat omission field from the thickness of the torsion beam 
102,103. 

[0119] Board thickness of the mirror substrate which consists of silicon which does not prepare a 
reinforcing rib like this example is set to 20 micrometers, magnitude is set to 4mmx4mm, and the count 
result of the maximum of deformation of the mirror substrate 101 at the time of vibrating on a **5 
degree deflection square by 2.5kHz is shown in drawing 1 1 R> 1 . Thus, in the case of a mirror substrate 
without a reinforcing rib, the deformation in the center position of the both sides of the mirror centering 
on a torsion beam is the largest, and it turns out that the deformation is set also to about 1 micrometer. 
[0120] In the mirror substrate 101 of this example, while rib 12 Id which trims it reduces this 
deformation, deformation of it and the direct direction can also be reduced and rib 121 e which extends 
the torsion beam 102,103 and penetrates the mirror substrate 101 further can obtain the stable scan shape 
of beam from it being effective in raising the location precision of the medial axis of vibration. 
[0121] An example of the manufacture approach of the light-scanning equipment of the 5th example 
explained above is explained with reference to drawing 12 thru/or drawing 14 . 
[0122] Highly precise micro processing used the easy silicon substrate as an ingredient of a mirror 
substrate, a torsion beam, and a frame. 

[0123] First, the hyperviscous heatproof resist 1202 is applied by the thickness of 1 00 micrometers as a 
mask for etching silicon into one side of the silicon substrate 1201 with a thickness of 200 micrometers 
by which double-sided polish was carried out deeply ( drawing 12 (a)), nickel plating film etc. may be 
used that what is necessary is just the ingredient which can be easily removed after etching greatly 
[ adhesion with silicon is good and ] as mask material used here to extent which remains as a mask also 
at the time of silicon etching whose selection ratio at the time of etching is 100 micrometers. 
[0124] Next, patterning is carried out to an inner frame configuration in exposing and developing this 
resist ( drawing 12 (b)). 

[0125] An etch rate carries out etching removal of the silicon substrate by 1 00-micrometer Fukashi by 
using this resist as a mask at an inner frame configuration using the large, high dry etching system (ICP- 
RIE) of an anisotropy ( drawing 12 (c)). The fixed electrode for starting is formed in the level difference 
part of the etching end face formed here at a back process. 

[0126] After dissolving and removing a resist 1202, patterning is carried out to the configuration of a 
reinforcing rib in applying and developing [ expose and ] the hyperviscous heatproof resist 1203 by the 
thickness of 100 micrometers again to the substrate with which the level difference was formed 
( drawing 12 (d)). 

[0127] And by carrying out etching removal of the silicon substrate of the part made thin to 100 
micrometers by using this resist as a mask by 50-micrometer Fukashi using a dry etching system (ICP- 
RIE), meat omission is carried out and the configuration of a rib is formed ( drawing 13 (e)). 
[0128] Next, the hyperviscous heatproof resist 1204 is applied to the field which etched silicon into the 
inner frame configuration, and the field of the opposite side by the thickness of 100 micrometers, and 
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patterning of the rear face of the field where the silicon substrate of the frame inside became thin is 
carried out to a mirror substrate and a beam configuration ( drawing 13 (f)). 
[0129] A mirror substrate and a beam are formed by carrying out dry etching until an etch rate 
penetrates a silicon substrate by using this resist as a mask using the large, high dry etching system 
(ICP-RIE) of an anisotropy ( drawing 13 (g)). 

[0130] After dissolving and removing a resist, the whole substrate is oxidized thermally and Si02 film 
1205 with a thickness of 1 micrometer is formed in a front face as an insulating material with a substrate 
( drawing 1 3 (h)). 

[0131] Next, on the Si02 film of the end face of the frame inside, as the fixed electrode for starting, and 
a fixed electrode for a drive, after forming 300A of Ti thin films by the spatter, the Pt thin films 1206 
and 1207 of 1200 A thickness are formed by the spatter, respectively. Furthermore, the aluminum thin 
film 1208 is formed in a mirror substrate front face as a mirror side ( drawing 14 (i)). In addition, the Pt 
thin film 1207 as a fixed electrode for a drive which covered with the metallic stencil mask and 
approached by the same part formed membranes from across in the condition of having made the mirror 
substrate inclining using a jig so that a metal thin film might not be formed in any fields other than an 
electrode in the case of membrane formation. Here, Ti thin film is for raising the adhesion of Pt thin film 
on Si02 film. In addition, although Pt thin film is used as an electrode material here, otherwise 
conductivity is high, and as long as adhesion with Si02 is securable, other ingredients, such as Au and 
Ti, may be used. Moreover, although the spatter was used as the membrane formation approach here, 
membranes may be formed by other approaches, such as vacuum deposition and the ion plating method. 
Moreover, although aluminum was formed as a metal thin film 1208 as a mirror side, as long as it is the 
metal thin film with which required sufficient reflection factor is obtained to the laser light to be used, 
other ingredients, such as Au, are selectable and the membrane formation approach may also use other 
approaches, such as a spatter and the ion plating method. 

[0132] Next, etching removal of some Si02 film on the rear face of a frame is carried out using a metal 
mask, and a contact hole 1209 is formed ( drawing 14 (j)). The electrode 1210 for impressing an 
electrical potential difference is formed to the contact hole which this silicon exposed at a mirror 
substrate using a metal mask, and 400-degree C heat treatment for lowering resistance with an electrode 
and a substrate is performed to it ( drawing 14 (k)). 

[0133] In addition, the manufacture approach of apply [ it / like the light- scanning equipment of the 
after-mentioned 6th thru/or the 1 1th after-mentioned example ] explained above is clear. 
[0134] 2» of «manufacture ****** It is just made another example of the manufacture approach of 
the light-scanning equipment of said 5th example, and explains with reference to drawing 1 5 and 
drawing 1616 . 

[0135] In the approach explained here, as an ingredient of a mirror substrate, a torsion beam, and a 
frame, highly precise micro processing is easy, and uses the SOI substrate which can form electrode 
isolation construction easily. So that at least each part which carried out insulating separation of the 
substrate of the side which forms a mirror substrate and a torsion beam here can be used as an electrode 
as it is It considers as the silicon substrate of 0.1 or less ohm-cm of 100-micrometer thickness of low 
resistance in which the high-concentration impurity was contained. The substrate of the side which 
forms a frame is used as the silicon substrate of inside resistance of dozens ohm-cm from number omega 
and cm with a thickness of 525 micrometers, and it explains as a thing using the SOI substrate which 
separated them by the insulator layer which consists of an oxide film with a thickness of 1 micrometer. 
[0136] First, the hyperviscous heatproof resist 2002 is applied to the field by the side of frame formation 
with a thickness of 626 micrometers by which double-sided polish was carried out of the SOI substrate 
2001 by the thickness of 100 micrometers as a mask for etching silicon deeply ( drawmgjji (a)), nickel 
plating film etc. may be used that what is necessary is just the ingredient which can be easily removed 
after etching greatly [ adhesion with silicon is good and ] as mask material used here to extent which 
remains as a mask also at the time of silicon etching whose selection ratio at the time of etching is 100 
micrometers.. 

[0137] Next, patterning is carried out to an inner frame configuration in exposing and developing this 
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resist ( drawing 15 (b)). 

[0138] An etch rate carries out etching removal of the silicon substrate by using this resist as a mask 
using the large, high dry etching system (ICP-RIE) of an anisotropy by 525-micrometer Fukashi whom 
an oxide film exposes to an inner frame configuration ( drawing 1515 (c)). Here, since [ remarkable ] it 
is small as compared with silicon, as for an oxide film, an etching rate functions as an etching halt layer. 
In addition, the fixed electrode for starting is formed in the level difference part of the etching end face 
formed here at a next process. 

[0139] Next, after dissolving and removing a resist 2002, patterning is carried out to a rib configuration 
in applying and developing [ expose and ] the hyperviscous heatproof resist 2003 by the thickness of 
100 micrometers again to the substrate of the side which forms a mirror substrate ( drawing 1 5 (d)). 
[0140] And meat omission is carried out by using this resist as a mask by carrying out etching removal 
of the silicon substrate of the part made thin to 100 micrometers using the dry etching system (ICP-RIE) 
by 50-micrometer Fukashi, and a rib configuration is formed ( drawing 16 (e)). 
[0141] Next, a resist 2004 is applied to the field in which the rib was formed, by the thickness of 1 .5 
micrometers, and patterning is carried out to a mirror substrate and a beam configuration ( drawing 16 
(f)). Since a resist needs to apply also including the level difference part of a rib at this time, it is made 
the shape of a spray, and it applies. 

[0142] A mirror substrate and a beam are formed by carrying out dry etching until an etch rate 
penetrates a silicon substrate by using this resist as a mask using the large, high dry etching system 
(ICP-RIE) of an anisotropy ( drawing 16 (g)). 

[0143] Next, in order to form the aluminum thin film 2005 used as the fixed electrode for a drive with a 
vacuum deposition method using a metal mask on a part of frame and to lower resistance with it and a 
substrate to it, 400-degree C heat treatment is performed ( drawing 16 (h)). The aluminum thin film 
2005 is possible also for considering as the thin film of other ingredients, such as Au, and can also use 
[ the membrane formation approach or ] other approaches, such as a spatter and the ion plating method, 
here. 

[0144] According to the manufacture approach using such a SOI substrate, after forming a mirror 
substrate, the formation process of the contact section according a part to removal of the formation 
process of the oxide-film formation for a next insulation and the metal electrode to the mirror substrate 
end-face location on the oxide film and an oxide film becomes unnecessary, and a production process 
can be shortened. In addition, it is clear that this manufacture approach's it can apply also like the light- 
scanning equipment of the after-mentioned 6th thru/or the 1 1th after-mentioned example. 
[0145] The light-scanning equipment in the 6th example of this invention is explained with reference to 
drawing 17 . (a) of drawing 17 is the rear-face Fig. of a mirror substrate, and (b) is the A-A' line 
sectional view. 

[0146] Since the overall configuration of the light-scanning equipment of this example is the same as 
that of said 5th example, illustration and explanation are omitted, and only the configuration about the 
stiffening rib 121 of the mirror substrate 101 which is the description of this example is explained. 
Although a stiffening rib 121 is formed in the rear face of the mirror substrate 101 of the magnitude of 
4mm**, in addition to rib 121d which extends the torsion beam 102,103 and crosses the mirror substrate 
101, and rib 12 Id which borders a mirror substrate periphery, in this example, rib 12 If which intersects 
perpendicularly in the rib 121d center, and constructs a bridge in rib 121 e is prepared. The thickness of a 
rib field is the same 60 micrometers as the torsion beam 102,103, and only the 30 micrometers of the 
other meat omission fields are thin rather than the torsion beam. 

[0147] It is only the difference in the inertial force by the mass of a minute field, since the inertial force 
in the minute field of the mirror substrate 101 at the time of vibration is twisted with the mass of a 
minute field and it is proportional to the product of the square of the distance from a beam 102,103, in a 
direction parallel to the torsion beam 102,103, since there is no difference in the inertial force by the 
location, deformation is small but, and deformation is large in order that the difference in the inertial 
force by the location may hear greatly towards going direct with a torsion beam. Then, in this example, 
deformation by vibration is effectively controlled by preparing rib 12 1 f and raising the rigidity of a 
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torsion beam and the direction which goes direct. 

[0148] The light-scanning equipment in the 7th example of this invention is explained with reference to 
drawing 1 8 . (a) of drawing 18 is the rear- face Fig. of a mirror substrate, and (b) is the B-B' line 
sectional view. 

[0149] Since the overall configuration of the light-scanning equipment of this example is the same as 
that of said 5th example, illustration and explanation are omitted, and only the configuration about the 
stiffening rib 121 of the mirror substrate 101 which is the description of this example is explained. 
[0150] Although a stiffening rib 121 is formed in the rear face of the mirror substrate 101 of the 
magnitude of 4mm**, in addition to rib 12 Id which extends the torsion beam 102,103 and crosses the 
mirror substrate 101, and rib 121d which borders a mirror substrate periphery, in this example, two or 
more rib 121 g parallel to rib 121 d and perpendicular is prepared in the shape of a grid. Grid-like rib 
121 g is arranged to the rib 121 d core at the object so that it may come to the core whose center-of- 
gravity location (G) of the mirror substrate 101 is rib 12 Id. The thickness of a rib field is the same 60 
micrometers as the torsion beam 102,103, and only the 30 micrometers of the other meat omission fields 
are thin rather than the torsion beam. 

[0151] Thus, by adding grid-like rib 121 g, the direct direction and parallel mirror substrate deformation 
can be decreased above from said 6th example on the torsion beam 102,103. in order that [ however, ] 
the increment in weight of a mirror substrate may act so that a deflection angle may be decreased - the 
part - ****** - bigger driving torque, i.e., higher driver voltage, is needed for a sake. 
[0152] The light-scanning equipment in the 8th example of this invention is explained with reference to 
drawing 19 . Drawing 19 is the rear- face Fig. of a mirror substrate. 

[0153] Since the overall configuration of the light-scanning equipment of this example is the same as 
that of said 5th example, illustration and explanation are omitted, and only the configuration about the 
stiffening rib 121 of the mirror substrate 101 which is the description of this example is explained. 
[0154] Also in this example, rib 121 g of the shape of a grid parallel to rib 121 d which extends the 
torsion beam 102,103 and crosses the mirror substrate 101 as a stiffening rib 121, rib 121 d which 
borders a mirror substrate periphery, and rib 12 Id, and perpendicular is prepared in the rear face of the 
mirror substrate 101 like the case of said 7th example. Rib 121d mirror substrate freedom one end partial 
121ds which trims a mirror substrate periphery is longer than rib 12 Id die length, and is jutted out 
outside the edge combined with the torsion beam 102,103 of the mirror substrate 101. Although the 
fixed electrode 107,108 ( drawing 10 ) for a drive and narrow gap by the side of the frame which partial 
121ds of this rib was made into the ctenidium configuration, and was made into the same ctenidium 
configuration are separated, it counters and it works as a movable electrode for a drive, the die length of 
a part for the die length by the side of a movable electrode to have increased and a fixed electrode 
107,108 is also increased. The thickness of a rib field is the same 60 micrometers as the torsion beam 
102,103, and only the 30 micrometers of the other meat omission fields are thin rather than the torsion 
beam. 

[0155] If grid-like rib 121 g is prepared, mirror substrate deformation of the direction which intersects 
perpendicularly with the torsion beam 102,103, and an parallel direction can be controlled effectively, 
but since mirror substrate weight increases, driving torque (electrostatic force) required in order to 
acquire a required deflection angle also increases. Then, in this example, increase of driving torque is 
aimed at by extending the die length of rib partial 121 es which acts as a movable electrode, and making 
a drive electrode surface product increase. 

[0156] The light-scanning equipment in the 9th example of this invention is explained with reference to 
drawing 20 . (a) of drawing 20 is the rear- face Fig. of a mirror substrate, and (b) is the B-B' line 
sectional view. 

[0157] Since the overall configuration of the light-scanning equipment of this example is the same as 
that of said 5th example, illustration and explanation are omitted, and only the configuration about the 
stiffening rib 121 of the mirror substrate 101 which is the description of this example is explained. 
[0158] Also in this example at the rear face of the mirror substrate 101 of the magnitude of 4mm** like 
the case of said 6th example as a stiffening rib 121 Although rib 121d which extends the torsion beam 
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102,103 and crosses the mirror substrate 101, and rib 121 d which borders a mirror substrate periphery 
are prepared Curvature is attached to a part for the intersection of each corner section of rib 121 e, and 
rib 102e and rib 102e so that drawing 20 (a) may see. Since the part which added this curvature is a part 
which the stress by deformation of the mirror substrate at the time of vibration tends to concentrate, by 
adding curvature, stress concentration is eased and the crack initiation from that part stops being able to 
occur easily. In addition, the thickness of a rib field is the same 60 micrometers as the torsion beam 
102,103, and only the 30 micrometers of the other meat omission fields are thin rather than the torsion 
beam. The light-scanning equipment in the 10th example of this invention is explained with reference to 
drawing 21 . (a) of drawing 21 is the rear- face Fig. of a mirror substrate, and (b) is the B-B' line 
sectional view. 

[0159] Since the overall configuration of the light-scanning equipment of this example is the same as 
that of said 5th example, illustration and explanation are omitted, and only the configuration about the 
stiffening rib 121 of the mirror substrate 101 which is the description of this example is explained. 
[0160] Also in this example at the rear face of the mirror substrate 101 of the magnitude of 4mm** like 
the case of said 6th example as a stiffening rib 121 Although rib 121 d which extends the torsion beam 
102,103 and crosses the mirror substrate 101, and rib 121d which borders a mirror substrate periphery 
are prepared It twists with rib 121 e and curvature is attached to a part for an intersection with a beam 
102,103 (connection section of the torsion beam 102,103 and the mirror substrate 101) so that drawing 
21 (a) may see. Since this part is a part which the stress by deformation of the mirror substrate at the 
time of vibration tends to concentrate, by adding curvature, stress concentration is eased and the crack 
initiation from that part stops being able to occur easily. The thickness of a rib field is the same 60 
micrometers as the torsion beam 102,103, and only the 30 micrometers of the other meat omission fields 
are thin rather than the torsion beam. 

[0161] In addition, like said 9th example, curvature may be attached also to a part for the intersection of 
each corner section of rib 121 e, and rib 102e and rib 102e, and, naturally such a mode is also included 
by this invention. 

[0162] In the light-scanning equipment of each of said example, as typically shown in drawing 2222 , 
the front face (near field in which the mirror side 1 15 is formed) of the mirror substrate 1 01, and the 
front face of the torsion beam 102,103 were made into the same field. 

[0163] In the light-scanning equipment of the 1 1th example of this invention, as typically shown in 
drawing 23 , it considers as physical relationship the front face of the mirror substrate 101 and whose 
core of the thickness direction of the torsion beam 102,103 correspond. Since a gap of the current beam 
position on the mirror side by torsion rotation of a mirror substrate stops arising by considering as such 
physical relationship, the scan location precision of a reflective beam improves. 
[0164] In addition, the configuration of those other than this is the same as that of said each example, 
and is good. Moreover, although it is formed so that it may project also on the side front of the mirror 
substrate 101 like [ e / which surrounds a mirror substrate periphery among stiffening ribs 121 / rib 121] 
illustration, it is not necessarily limited to this. 

[0165] In addition, although not illustrated, the light-scanning equipment held in the reduced pressure 
container possessing the part which has the light beam deflected with the account mirror substrate in a 
means to drive said mirror substrate and this mirror substrate penetrated, and the terminal area for 
connection with a driving means is also contained in this invention. 

[0166] The light-scanning equipment of this invention explained above is the optimal as light-scanning 
equipment for image formation equipments, such as a printer of a photograph printing method, and a 
copying machine. Next, an example of such image formation equipment is explained with reference to 
drawing 24 . 

[0167] In drawing 24 , it is the photo conductor drum on which 301 offers equipment write-in [ optical ] 
and 302 offers the scan layer-ed of equipment 301 write-in [ optical ]. Equipment 301 write-in [ optical ] 
scans the front face (scan layer-ed) of the photo conductor drum 302 to the shaft orientations of this 

drum by 1 or two or more laser beams which were modulated by the record signal. A rotation drivers 

carried out in the arrow-head 303 direction, and the photo conductor drum 302 has an electrostatic latent 
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image formed in the front face charged in the live part 304 by carrying out light scanning by equipment 
301 write-in [ optical ]. That is, the photo conductor drum 302 is electrostatic latent-image support at a 
wide sense. A toner image develops this electrostatic latent image in the development section 305. and 
this toner image is imprinted by the recording paper 307 in the imprint section 306. The recording paper 
307 is fixed to the imprinted toner image by the fixing section 307. The surface part which passed the 
imprint section 306 of the photo conductor drum 302 is removed in a residual toner in the cleaning 
section 309. In addition, it replaces with the photo conductor drum 302, and it is clear for the 
configuration using a belt-like photo conductor to be also possible. Moreover, it is also possible to once 
imprint a toner image to a transfer medium, and to consider a toner image as the configuration which 
imprints on the recording paper and is fixed from this transfer medium. 

[0168] The light source section 320 in which equipment 301 write-in [ optical ] emits 1 or two or more 
laser beams which were modulated by the record signal, The light-scanning equipment 321 of this 
invention explained in relation to 1st example thru/or the 1 1th, [ said ] The image formation optical 
system 322 for making the mirror side of the mirror substrate of this light-scanning equipment 321 carry 
out image formation of the laser beam from the light source section 320, It consists of scan optical 
system 323 for making the front face (scan layer-ed) of the photo conductor drum 302 carry out image 
formation of 1 or two or more laser beams which were reflected in respect of the mirror. Light-scanning 
equipment 321 is built into equipment 301 write-in [ optical ] in the form mounted in the circuit board 
325 with the integrated circuit 324 for the drive. 

[0169] Such equipment 301 of a configuration write-in [ optical ] has the following advantages. It is 
advantageous as mentioned above in respect of the stability of a laser beam configuration, and low- 
battery-izing of driver voltage, and also since the power consumption for a drive is small compared with 
a rotating polygon, the light-scanning equipment 321 by this invention is advantageous to power-saving 
of image formation equipment. Since it is small compared with a rotating polygon, the whizzing sound 
at the time of vibration of the mirror substrate of light-scanning equipment 321 is advantageous to an 
improvement of the silence of image formation equipment. Compared with a rotating polygon, there are 
few installation tooth spaces overwhelmingly, and it ends, and the calorific value of optical equipment 
equipment 321 also comes out only, and for a certain reason, the miniaturization of equipment 301 
write-in [ optical ] is easy for light-scanning equipment 321, therefore is advantageous to the 
miniaturization of image formation equipment. 

[0170] In addition, since it is [ that it is the same as that of conventional image formation equipment, 
and ] good, the drive system of control means, such as a conveyance device of the recording paper 307, 
a drive of the photo conductor drum 302, the development section 305, and the imprint section 306, and 
the light source section 320 etc. is omitted among the Fig. 

[0171] The perspective view and sectional view of an oscillating mirror chip in the 12th example of this 
invention are shown in drawing 25 . (a) of drawing 25 is the perspective view of the whole oscillating 
mirror chip, and (b) is the sectional view of a beam and a perpendicular direction in the center of an 
oscillating mirror chip. 

[0172] The oscillating mirror chip in this example consists of some the movable electrodes 3008 and the 
movable electrode drawer pads 3009, the fixed electrodes 3010, and the fixed electrode drawer pads 
301 1 of the mirror substrate with which the mirror part 3001 and a frame 3002 join together, and are 
formed, a reinforced beam 3003, the torsion beam 3004, a supporter 3005, the thermal oxidation film 
3006, a frame 3007, and a frame. 

[0173] A mirror substrate consists of the frame 3002 which combined with the mirror part 3001 of the 
shape of a thin film containing a silicon nitride (SiN) thin film and the metal thin film 3012, and the 
mirror part 3001 , and was formed in the rim of the mirror part 3001 with the silicon single crystal, and 
the reinforced beam 3003 which constructs a bridge in the inside of a frame 3002 in the same height as a 
frame 3002. 

[0174] Here, the metal thin film 3012 and frame 3002 in the mirror part 3001 are in the opposite side 
mutually on both sides of a central silicon nitride thin film. The metal thin film 3012 has sufficient ■ 
reflection factor to light, and the field of a frame 3002 and the opposite side is used for it as a mirror 
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side. Thus, since there is no frame on a mirror side when a mirror side is located in a frame and the 
opposite side, the whole surface of a mirror side can be used effective in reflection of a light beam, and 
loss of a light beam can be prevented. 

[0175] Since the silicon nitride (SiN) thin film has tensile stress as internal stress, it can secure the 
surface smoothness of the mirror part 3001 which also includes the metal thin film 3012 in the inside of 
a frame 3002, especially a mirror side. Consequently, the configuration of the stable light beam can be 
acquired. Although the silicon nitride thin film is used as a mirror part 3001 here, it is also possible to 
use, the thin film, for example, the polycrystalline silicon thin film etc., of the others which have tensile 
stress as internal stress etc. 

[0176] Moreover, as a description of this invention, since the mirror part 3001 is altogether formed with 
the thin film, even if it forms a large-sized mirror substrate, it is lightweight, therefore moment of inertia 
becomes small and can acquire a deflection angle with a big mirror substrate at the time of actuation of 
an oscillating mirror chip. Moreover, since the mirror part 3001 is held by a frame 3002 and the 
reinforced beam 3003, its rigidity as a mirror substrate is high, and it can obtain the shape of beam by 
which deformation of the mirror substrate at the time of actuation was stabilized few. 
[0177] The mirror substrate is supported with two torsion beams 3004 near the center of a side face of 
the outside of a frame 3002. It combines with the location in the side face of the outside of a frame 3002 
which counters mutually, and these two torsion beams 3004 are formed on the abbreviation same 
straight line so that the revolving shaft of the torsional oscillation of a mirror substrate may be included. 
At the time of actuation of an oscillating mirror chip, the mirror substrate supported by the torsion beam 

3004 sets a revolving shaft as the torsion beam 3004, and carries out torsional oscillation, and the light 
beam irradiated by the mirror side of a mirror substrate from the beam light source is deflected. 
[0178] As for the reinforced beam 3003 which constructs a bridge in the inside of a frame 3002, 
arranging on extension of the torsion beam 3004 is desirable. A mirror substrate becomes the symmetry 
to the revolving shaft of torsional oscillation at the time of actuation by twisting a reinforced beam 3003, 
arranging in the location on extension of a beam 3004, i.e., the same straight line, and carrying out to 
some revolving shafts of torsional oscillation. By this, a revolving shaft is stabilized at the time of 
actuation, deformation of the torsion beam 3004 direction of a frame 3002 is reduced, the unnecessary 
oscillation mode is suppressed and the stable shape of beam is obtained. Two torsion beams 3004 are 
formed by the frame 3002 and one with a silicon single crystal so that sufficient resistance may be 
acquired and moderate torsional rigidity may be acquired to repeat actuation of torsional oscillation. 
Furthermore, the height of the torsion beam 3004, width of face, and die length are appropriately 
designed based on torsional rigidity so that the resonance frequency as vibrator may serve as a desired 
value. 

[01 79] The resonance frequency f of the mirror substrate by the torsion beam can express the moment of 
inertia of k and a mirror substrate with a degree type for it, if a torsion elastic modulus is set to I. 
f=l/(2pi) xroot (k/I) 

[0180] Here, the torsion elastic modulus k can express the width of face of a torsion beam with a degree 
type, if the die length of t and a torsion beam is set to L for the height of c and a torsion beam. 
k=beta tc A 3 E/(L (1+nu)) - in addition, beta is [ Young f s modulus and nu of a coefficient of sectional 
form and E ] Poisson ? s ratios. 

[0181] Moreover, moment-of-inertia I of a mirror substrate can express the weight of a mirror substrate 
with a degree type, if width of face (a torsion beam and direction which goes direct) of M and a mirror 
substrate is set to a. 

I=M a A 2 / 12 [0182] The above formula shows that a mirror substrate carries out the resonance drive of 
magnitude lmmx4mm and the mirror substrate of 60 micrometers of board thickness by about 3kHz by 
supporting with cross-section 50micrometerx60micrometer and a beam with a die length of 500 
micrometers. 

[0183] The side which has not been combined with the frame 3002 of the torsion beam 3004 is 
combined with the supporter 3005 formed in one with the respectively same silicon, and- this supporter 

3005 is being fixed to the frame 3007 formed with silicon through the thermal oxidation film 3006. It is 
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formed by the low resistance silicon substrate with common frame 3002, reinforced beam 3003, torsion 
beam 3004, and supporter 3005 of these mirrors substrate, and aluminum thin film is formed in the front 
face of a supporter 3005 as a movable electrode drawer pad 3009. Here, altogether, coincidence 
formation is possible for the same height (thickness), then the same them, and a frame 3002, a reinforced 
beam 3003, and the torsion beam 3004 can manufacture an oscillating mirror chip by low cost. 
[0184] The movable electrode 3008 of a ctenidium configuration is formed in the both-sides side of the 
direction of a revolving shaft by the torsion beam, and the direction which intersects perpendicularly at 
the frame of a mirror substrate. Thus, by making a movable electrode into the shape of a ctenidium, an 
electrode surface product can be increased and driving torque of the mirror substrate by electrostatic 
force can be enlarged. As a result, the deflection angle of a mirror substrate can be enlarged. Moreover, 
the movable electrode 3008 and minute spacing of a ctenidium configuration are separated, and the fixed 
electrode 3010 for a drive which is the same ctenidium configuration is formed independently with the 
movable electrode 3008 etc. The fixed electrode 3010 for the drive of this ctenidium configuration has 
countered in the form where it gears with the movable electrode 3008 of a ctenidium configuration. By a 
movable electrode 3008 and a fixed electrode 3010 countering, and being installed, electrode structure is 
easy, a manufacturing cost can be lowered and a mirror substrate can be driven efficiently. Moreover, 
the fixed electrode 3010 for a drive is formed by the low resistance silicon substrate, and is being fixed 
to the frame 7 formed with silicon through the thermal oxidation film 3006. Furthermore, aluminum thin 
film is formed in the front face of a fixed electrode 3010 as a fixed electrode drawer pad 301 1. 
[0185] Next, actuation of the oscillating mirror chip in the 12th example of this invention is explained 
using drawing 26 . Since the movable electrode 3008 of the shape of a ctenidium formed in the frame is 
formed by the frame, the torsion beam, the supporter, and the common low resistance silicon substrate, it 
is the movable electrode drawer pad (3009 of drawing 25 ) and this potential which were formed in the 
supporter front face of a torsion beam. Moreover, it was fixed to the frame 3007 through the thermal 
oxidation film 3006, the fixed electrode 3010 for a drive formed by the low resistance silicon substrate 
got down, and two fixed electrode drawer pads 301 1 in a fixed electrode 3010 are grounded here. By 
impressing an electrical potential difference to the movable electrode drawer pad in the front face of 
these movable electrodes 3008 at coincidence, respectively, electrostatic force is used between a 
movable electrode 3008 and a fixed electrode 3010. In addition, two movable electrode drawer pads in a 
movable electrode 3008 may be grounded drawing 26 and reversely, and an electrical potential 
difference may be impressed to the fixed electrode drawer pad 301 1 in the front face of a fixed electrode 
3010. 

[0186] Drawing 26 (A) shows the initial state which is not impressing the electrical potential difference 
to the movable electrode drawer pad. With few [ a configuration, internal stress etc. ] asymmetry, from 
the horizontal position, although a mirror substrate is a minute amount of about several micrometers, it 
has initial displacement here. For this reason, the field where the movable electrode 8 formed in the 
mirror substrate and the fixed electrode 3010 formed through the thermal oxidation film 3006 on the 
frame are mutual and which counters is not standing it still so that in parallel, and it has countered in the 
direction of angle of torsion mutually with few variation rates. 

[0187] By impressing an electrical potential difference to a movable electrode drawer pad, and using 
electrostatic force between such the movable electrodes 3008 of arrangement and fixed electrodes 3010, 
the direction where the field where a movable electrode 3008 and a fixed electrode 3010 counter 
mutually faces each other in parallel, i.e., a mirror substrate as shown in drawing 26 (B), twists toward 
the direction which becomes level to a fixed electrode, and it can carry out torsional oscillation centering 
on a beam (it is made to rotate). 

[0188] The moment it raised applied voltage and the mirror substrate became level to a fixed electrode, 
if impression of an electrical potential difference is stopped, as shown in drawing 26 (C), a variation rate 
can be carried out to the location where initial displacement and the moment of rotation of the torsional 
rigidity of a beam and a mirror substrate at the opposite side balance according to the inertia of a mirror 
substrate. If an electrical potential difference is again impressed to the movable electrode 3008 for a 
drive here, by the electrostatic attraction between a movable electrode 3008 and a fixed electrode 3010, 
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and the torsional rigidity of a beam, a mirror substrate will rotate to hard flow, and as shown in D, it will 
be displaced even in a location again level to a fixed electrode. 

[0189] By twisting the drive frequency of the movable electrode 3008 for this drive with a mirror 
substrate' and setting it as the resonance frequency of a beam, a deflection angle with a big mirror 
substrate can be acquired. Since deformation of a mirror substrate is reduced by the reinforced beam 

3003 prepared in the rear face of the mirror part 1 at this time, the beam reflected in the mirror part 1 
cannot be reflected irregularly, but the stable scan shape of beam can be obtained. 

[0190] Next, the top view and sectional view of an oscillating mirror chip in the 13th example of this 
invention are shown in drawing 27 . If the oscillating mirror chip in this example removes the structure 
of a mirror part, it is the same structure as the 12th example, the frame 3002 formed with the silicon 
single crystal which combines a mirror substrate with the mirror part 3001 formed with the thermal 
oxidation film 3006 silicon-nitride thin film 3013, and the mirror part 3001 -- since -- it changes. The 
bridge is constructed over the inside of the frame 3002 formed in the rim of the mirror part 3001 by the 
reinforced beam 3003. Moreover, the metal thin film 3012 which has sufficient reflection factor to the 
light to be used is formed in the side in which the frame 3002 and reinforced beam 3003 of the mirror 
part 3001 are not formed as a mirror side. The mirror substrate is supported with two torsion beams 

3004 near the center of a side face of the outside of a frame 3002. It combines with the location in the 
side face of the outside of a frame 3002 which counters mutually, and these two torsion beams 3004 are 
formed on the same straight line so that it may become the revolving shaft of the torsional oscillation of 
a mirror substrate. It is desirable that the reinforced beam 3003 which constructs a bridge furthermore 
also arranges the inside of a frame 3002 in the location on the same straight line as the torsion beam 
3004. 

[0191] Similarly the side which has not been combined with the frame 3002 of the torsion beam 3004 is 
combined with the supporter 3005 formed in one with silicon, respectively, and this supporter 3005 is 
being fixed to the frame 3007 formed with silicon through the thermal oxidation film 3006. The metal 
thin film 3012 is formed in the front face of a supporter 3005 as a movable electrode drawer pad 3009, 
and it is in it. The movable electrode 3008 of a ctenidium configuration is formed in the both-sides side 
of the direction of a revolving shaft by the torsion beam, and the direction which intersects 
perpendicularly at the frame 3002 of a mirror substrate. Moreover, the movable electrode 3008 and 
minute spacing of a ctenidium configuration are separated, and the fixed electrode 3010 for a drive 
which is the same ctenidium configuration is formed. The fixed electrode 3010 for the drive of this 
ctenidium configuration has countered in the form where it gears with the movable electrode 3008 of a 
ctenidium configuration. Moreover, the fixed electrode 3010 for a drive is formed by the low resistance 
silicon substrate, and is being fixed to the frame 3007 formed with silicon through the thermal oxidation 
film 3006. Furthermore, the metal thin film 3012 is formed in the front face of a fixed electrode 3010 as 
a fixed electrode drawer pad 301 1 . 

[0192] Here, although the mirror part 3001 was formed in the 12th example by the monolayer of a 
silicon nitride thin film which has tensile stress as internal stress, the silicon nitride thin film 3013 is 
formed at the mirror side side the side in which the mirror part 3001 in the 13th example consists of 
two-layer film of the thermal oxidation film 3006 and the silicon nitride thin film 3013, and the frame 
3002 of a mirror substrate and a reinforced beam 3003 have the thermal oxidation film 3006. In case the 
thermal oxidation film 3006 etches silicon, its selection ratio is greatly convenient as an etching halt 
layer. Since the thermal oxidation film 3006 usually has compressive stress as internal stress, if it is used 
as monolayer, it is buckled, and it becomes impossible however, to secure the surface smoothness as a 
mirror side. Then, it is adjusting so that the stress of the whole film may turn into tensile stress by 
forming membranes combining the thermal oxidation film 3006, and using as the bilayer film the silicon 
nitride thin film 3013 which has tensile stress as internal stress. Thus, also including the metal thin film 
3012, by forming the mirror part 3001 as multilayers, the thin film which has two or more various 
functions can be utilized, and a mirror part can be designed. Moreover, the freedom of the design in the 
structure and "the process of the mirror part 1 is high, and can produce a highly efficient oscillating 
mirror chip. Here, the structure of the oscillating mirror chip in this example using the thermal oxidation 
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film 3006 as an etching halt layer is more easy a process, and since it is thought that it is advantageous 
also in cost, the manufacture approach of the oscillating mirror chip in this example is explained below 
using drawing 28 and drawing 29 . 

[0193] The SOI (Silicon on Insulator) wafer was used for manufacture of the oscillating mirror chip in 
the 13th example of this invention. In a SOI wafer, a lower thick wafer is made below to call the base 
wafer 3014 and an upper thin wafer the bond wafer 3015 through the thermal oxidation film 3006. The 
base wafer 3014 used as a frame is a wafer (100) of 525 micrometers in thickness, and inside resistance, 
and used 60 micrometers in thickness, and the wafer (100) of low resistance for the bond wafer 3015 
used as a frame, a reinforced beam, a torsion beam, a supporter, a movable electrode, and a fixed 
electrode. Moreover, thickness of the thermal oxidation film 3006 among both wafers was set to 500nm. 
In addition, the thickness of a bond wafer was set up according to the design value of the resonance 
frequency of a mirror substrate and a torsion beam. Moreover, after an above-mentioned SOI wafer 
contacts the fully defecated silicon wafer of two sheets in a reduced pressure ambient atmosphere 
through the thermal oxidation film and it carries out temporary junction, at an elevated temperature 1000 
degrees C or more, actual junction can be carried out and it can be produced heat treatment and by 
grinding a top wafer to desired thickness. 

[0194] it is first shown in drawing 28 (a) - as - both sides of this SOI wafer - LP-CVD (reduced 
pressure gaseous-phase chemical deposition) - the silicon nitride thin film 3013 with a thickness of 
1000A was formed by law. In case the thin film formed here removes all base wafers with a thickness of 
525 micrometers by the anisotropic etching by the KOH solution, the silicon nitride thin film 3013 
which has resistance sufficient as an etching mask is used for it. The thermal oxidation film 3006 with a 
thickness of about 1 micrometer generally used for anisotropic etching is not suitable as a mask at the 
time of an etch rate etching silicon deeply in this way as compared with the silicon nitride thin film 
3013, since it is large. 

[0195] Next, patterning of this silicon nitride thin film 3013 is carried out by the dry etching using a 
resist mask, and etching removal of the field which forms the mirror part 3001 and a torsion beam part is 
carried out. Under the present circumstances, a silicon wafer (100) is etched in the 54.7-degree direction 
to which it inclined the degree of angle to the field of an etching mask in which the silicon nitride thin 
film 3013 is formed. After taking into consideration that the field of the bond wafer which finally 
remains turns into a field inside a mask pattern for this reason, it is necessary to design the pattern of an 
etching mask. 

[0196] Next, as shown in drawing 28 (b), etching removal is carried out until it reaches the thermal 
oxidation film 3006 in the base wafer 3014 in the anisotropic etching by the KOH solution of 30 mass % 
which carried out the temperature up to 85 degrees C by using as an etching mask the silicon nitride thin 
film 3013 by which patterning was carried out. At this time, since the etch rate to a KOH solution is 
slow as compared with silicon, the thermal oxidation film 6 can be used as an etching halt layer. The 
silicon diaphragm 3016 which consists of a bond wafer 3015 with a thickness of 60 micrometers which 
used the base wafer 3014 as the frame 3007 by this is formed, and a mirror substrate, a torsion beam, 
and a ctenidium electrode are formed in this silicon diaphragm 3016 part at future processes. 
[0197] Next, as shown in drawing 28 (c), the silicon nitride thin film 3013 with a thickness of 1000 A is 
again formed with LP-CVD method, and aluminum thin film with a thickness of 1000A is further 
formed as a mirror side by the spatter. Although the thermal oxidation film 3006 will be used as a mirror 
part 3001 of a thin film, since the thermal oxidation film 3006 generally has compressive stress as 
internal stress, if it is made monolayer, a buckling will produce it. Moreover, the metal thin film which 
generally formed membranes by the spatter also has compressive stress. For this reason, the silicon 
nitride thin film 30013 is formed together with the thermal oxidation film 3006, and the compressive 
stress of the thermal oxidation film 3006 and the metal thin film 3012 is negated, and it is made for the 
internal stress as the whole multilayers which consists of the silicon nitride thin film 3013, thermal 
oxidation film 3006, and a metal thin film 3012 to turn into tensile stress with the tensile stress as 
internal stress of the silicon nitride thin film 3013. That is, the silicon nitride thin film 3013 can adjust 
the stress of the whole multilayers easily as stress accommodation film here. Moreover, although 
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aluminum was formed as a metal thin film 3012 here, if it is the metal thin film with which required 
sufficient reflection factor is obtained to the laser beam to be used, other ingredients, such as Au, are 
usable. Moreover, although the spatter was used as the membrane formation approach, membranes may 
be formed by other approaches, such as vacuum evaporation technique and the ion plating method. 
[0198] Next, as shown in drawing 28 (d), etching removal of silicon nitride thin films 3013 other than 
the field which carries out patterning of the resist to the field which forms the min or part 3001 of the 
bond wafer 3015, and forms the mirror part 3001 of the bond wafer 3015 in it by using this resist as a 
mask, the thermal oxidation film 3006, and the metal thin film 3012 of aluminum is carried out by dry 
etching, and the mirror part 3001 which consists of the silicon nitride thin film 3013, thermal oxidation 
film 3006, and a metal thin film 3012 of aluminum is formed. 

[0199] Next, as shown in drawing 29 (e), patterning of the mirror part 3001 of a bond wafer and the 
silicon nitride thin film 3013 of the opposite side is carried out to the configuration of a frame, a beam, 
the reinforcement section, and minute spacing by dry etching with a resist mask. 
[0200] As furthermore shown in drawing 29 (f), the etch rate performed penetration etching with a 
thickness of 60 micrometers to a mirror substrate and the silicon of the perimeter by using a resist / 
nitrogen-ized silicon thin film as a mask using the large, high dry etching system of an anisotropy. At 
this time, etching of a mirror substrate stops by the thermal oxidation film 3006 in the mirror part 
formed by drawing 28 (d). 

[0201] In order to remove a part of two fixed electrode front faces finally by the dry etching which used 
the mask of the nitrogen-ized silicon thin film 3013, to form aluminum thin film by the spatter using a 
mask on the front face of the obtained silicon substrate and to lower resistance with a fixed electrode and 
a substrate, 400-degree C heat treatment is performed and the electrode drawer pads 3009 and 301 1 are 
formed. Although aluminum thin film is used as an electrode material here, otherwise conductivity is 
high, and as long as adhesion with silicon is securable, other ingredients, such as Au and Ti, may be 
used'. Moreover, membranes may be formed as the membrane formation approach by other approaches, 
such as not only a spatter but vacuum deposition, the ion plating method, etc. 
[0202] The top view and sectional view of an oscillating mirror chip in the 14th example of this 
invention are shown in drawing 30 . If the oscillating mirror chip in this example removes the structure 
of a mirror part, it is the same structure as the 13th example, the frame and reinforced beam which were 
formed with the silicon single crystal which a mirror substrate changes into an elongation condition the 
mirror part 3001 formed with the thermal oxidation film 3006 and the silicon nitride thin film 3013, and 
the mirror part 3001, and is combined with the mirror part 3001 -- since -- it changes. The reinforced 
beam (not shown) which constructs a bridge in the inside of the frame (not shown) formed in the rim of 
the mirror part 3001 and a frame is in the same height. Moreover, the metal thin film 3012 which has 
sufficient reflection factor to the light to be used is formed in the side in which the frame in the front 
face of the mirror part 1 and a reinforced beam are not formed as a mirror side. The mirror substrate is 
supported with two torsion beams 3004 near the center of a side face of the outside of a frame. It 
combines with the location in the side face of the outside of a frame which counters mutually, and these 
two torsion beams 3004 are formed on the same straight line so that it may become the revolving shaft 
of the torsional oscillation of a mirror substrate. It is desirable that the reinforced beam which constructs 
a bridge furthermore also arranges the inside of a frame in the location on the same straight line as the 
torsion beam 3004. Similarly the side which has not been combined with the frame of the torsion beam 

3004 is combined with the supporter 3005 formed in one with silicon, respectively, and this supporter 

3005 is being fixed to the frame 3007 formed with silicon through the thermal oxidation film 3006. The 
metal thin film 30122 is formed in the front face of a supporter 3005 as a movable electrode drawer pad 
3009, and it is in it. The movable electrode 3008 of a ctenidium configuration is formed in the frame of a 
mirror substrate in the both-sides side of the direction of a revolving shaft by the torsion beam 3004, and 
the direction which intersects perpendicularly. Moreover, the movable electrode 3008 and minute 
spacing of a ctenidium configuration are separated, and the fixed electrode 3010 for a drive which is the 
same ctenidium configuration is formed. The fixed electrode 3010 for the drive of this ctenidium 
configuration has countered in the form where it gears with the movable electrode 3008 of a ctenidium 
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configuration. Moreover, the fixed electrode 3010 for a drive is formed by the low resistance silicon 
substrate, and is being fixed to the frame 3007 formed with silicon through the thermal oxidation film 
3006. Furthermore, the metal thin film 3012 is formed in the front face of a fixed electrode 3010 as a 
fixed electrode drawer pad 3011. 

[0203] Here, in the 13th example, although the mirror part 3001 is formed in the frame 3007 side of a 
mirror substrate, the mirror part 3001 in this example is formed in the frame 3007 and the opposite side 
of a mirror substrate. Since the fundamental manufacture approach is the same as the 13th example, 
explanation of the manufacture approach is omitted here. Thus, since the structure arranged by arranging 
the mirror part 3001 to a frame 3007 and the opposite side more nearly up than the mirror side of the 
mirror part 3001 is lost, the degree of freedom on an optical design becomes high. 
[0204] The top view of the oscillating mirror chip in the 15th example of this invention is shown in 
drawing 3 1 . If the oscillating mirror chip in this example removes the structure of the reinforced beam 
3003 in a mirror substrate, it is the same structure as the 13th example. Therefore, only the structure of a 
reinforced beam 3003 is explained here. In the 13th example, the reinforced beam 3003 which 
constructs a bridge the inside of a frame The reinforced beam 3003 which constructs a bridge the inside 
of the frame 3002 in this example to being mostly arranged with the torsion beam 3004 in the location 
on the same straight line It constructs a bridge and arranges near the center section of the side face of a 
frame 3002 in which the ctenidium electrode 3017 which faces mutually is formed in the direction 
which intersects perpendicularly with the revolving shaft of the rectangular direction, i.e., torsional 
oscillation, mostly the extension top of the torsion beam 3004. The oscillating mirror chip of this 
example can be manufactured like the 13th example by changing the pattern of a reinforced beam 3003. 
By arranging like this operation of a reinforced beam 3003, the part of the ctenidium electrode 3017 can 
be supported by the reinforced beam 3003 at the time of actuation of the oscillating mirror chip of this 
invention, deformation of the hand of cut of a mirror side can be reduced, and the stable shape of beam 
can be obtained. 

[0205] moreover, as the 16th example, as shown in drawing 32 , the inside of a frame 3002 as a 
reinforced beam which constructs a bridge The torsion beam 3004 and the reinforced beam 3003 
arranged in the direction which met mostly the location on the same straight line, i.e., the revolving shaft 
of torsional oscillation, The mirror substrate having the reinforced beam 3003 constructed for which a 
bridge and arranged in near the center section of the frame side face in which the ctenidium electrode 
3017 which faces mutually is formed in the direction which intersects perpendicularly with the torsion 
beam 3004 with the revolving shaft of the rectangular direction, i.e., torsional oscillation, mostly is also 
producible. Thus, it is desirable to prepare the reinforced beam which is axial symmetry also to the shaft 
which is axial symmetry, passes along the core of the revolving shaft to the revolving shaft of torsional 
oscillation, and intersects perpendicularly with the revolving shaft. As long as the reinforced beam 3003 
prepared inside a frame fulfills the symmetric property of the above arrangement, they may be a 
direction parallel to the torsion beam 3004, or not only a perpendicular direction but the torsion beam 
3004, and the leaning direction (direction to which it inclined to the revolving shaft of torsional 
oscillation). Since deformation can be equally reduced for the time of actuation into the whole mirror 
part if such a beam is prepared, the stable shape of beam can be obtained. 
[0206] As furthermore shown in drawing 33 as the 17th example, it has the reinforced beam 3003 
constructed for which a bridge and arranged in near the center section of the frame side face in which 
the ctenidium electrode 3017 which faces mostly mutually the torsion beam 3004, the reinforced beam 
3003 arranged mostly in the location on the same straight line, and the torsion beam 3004 in the 
rectangular direction as a reinforced beam which constructs a bridge in the inside of a frame 3002 is 
formed. Each corner of the part which the inside, the frame 3002, and reinforced beam 3003 of a frame 
3002 intersect, or the part where a reinforced beam 3003 crosses mutually is formed in the curved 
surface here. Thus, if the part of the corner of a frame 3002 and a reinforced beam 3003 is a curved 
surface, since the stress concentration to the part of a corner can be eased, breakage of a mirror substrate 
can be.reduced at the time of actuation of an oscillating mirror chip, or handling. 
[0207] The sectional view of the oscillating mirror chip in the 18th example of this invention is shown 
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in drawing 34 . In the oscillating mirror chip in this example, if the structure of the reinforced beam 
3003 in a mirror substrate is removed, it is the same structure as the 13th example. Therefore, only the 
structure of a reinforced beam 3003 is explained here. 

[0208] As opposed to both the frame 3002 and the reinforced beam 3003 being joined to the rear face of 
the mirror part 3001, since the height of the reinforced beam 3003 which constructs a bridge in the 
inside of a frame was in agreement with the height of a frame 3002 in the 13th example Rather than the 
frame 3002, height (thickness) is low (thinly) and the height (thickness) of the reinforced beam 3003 
which constructs a bridge is isolating the inside of the frame 3002 in this example with the mirror part 
3001. Thereby, since the mirror part 3001 covered the whole surface mostly and has been independent 
of a reinforced beam 3003 while a frame 3002 fully maintains rigidity by the reinforced beam 3003, 
most mirror parts do not have distortion and, as for a mirror side, profile irregularity with high surface 
smoothness is acquired. 

[0209] The sectional view of the oscillating mirror chip in the 19th example of this invention is shown 
in drawing 35 . the oscillating mirror chip in this example -- the mirror part 3001 -- the height of a frame 
3002 - it is arranged mostly at the mid gear, therefore, the height of a reinforced beam 3003 -- about 
[ of the height of a frame 3002 ] -- it is one half. Since the height of a frame 3002 is the same as the 
height of the torsion beam 3004, it serves as arrangement by which the medial axis of the torsion beam 
which is a revolving shaft passes along a mirror part by this example to having vibrated in the location 
from which the core of the mirror part 3001 separated only the distance equivalent to the one half of the 
height of a frame 3002 in other examples. Therefore, a mirror part will vibrate to the circumference of 
the revolving shaft of the torsional oscillation in a mirror part, and an optical design becomes easy. 
[02 1 0] Drawing 36 is the perspective view showing an example of the light-scanning module with 
which the light-scanning equipment by this invention is equipped. It consists of a silicon substrate with a 
thickness of 60 micrometers, and the mirror substrate 3020 which carries out torsional oscillation 
penetrates those perimeters, and it dissociates from a frame part and it forms the torsion beam 3004 
which supports a mirror part and a mirror part to revolve by etching. The both-sides part of the mirror 
part which counters on both sides of the torsion beam 3004 forms irregularity in the shape of a 
ctenidium, and the frame part side is also formed in irregularity so that it may gear with those 
ctenidiums. Moreover, the background of the mirror side of a mirror part has left the beam in the shape 
of a rib, carries out the thinning of the mirror part from the background of a mirror side to 5 micrometers 
by etching, and is attaining lightweight-ization. Metal coats, such as Au, are vapor-deposited by the 
concave heights by the side of a mirror part and a frame part, and the concave heights by the side of a 
movable electrode 3008 and the frame part which counters are used as the fixed electrode 3010 for the 
concave heights of the both ends of a mirror part at them. A mirror part produces electrostatic force 
between the movable electrodes 3008 which will counter if an electrical potential difference is 
impressed to one side of a fixed electrode 3010, can twist the torsion beam 4, causes rotation of a minute 
angle, and it carries out torsional oscillation by impressing an electrical potential difference to each 
electrode by turns. Here, if the frequency of applied voltage is brought close to the resonance frequency 
of a mirror part, the amplitude is expandable with resonance. At this example, width of face of 4 
micrometers and a torsion beam is set to 60 micrometers, the diameter of a mirror is set to 4x2mm, and 
resonance vibration of the inter-electrode minute spacing is carried out by 2.5kHz. In addition, the 
periphery length of the mirror substrate 3020 is lengthened as much as possible, and the area of an 
electrode is made to increase by making an electrode into the shape of a ctenidium. Thereby, 
electrostatic bigger torque is acquired by impression of a low battery. A frame consists of a 525- 
micrometer silicon substrate, and it is joined to the above-mentioned mirror substrate through the 
insulator layer, and it can penetrate and a center section can look into the mirror substrate 3020. On a 
frame, from a plane of composition with the mirror substrate 3020, the 1st reflective component 3021 
which has the reflector leaned about 26 degrees, and the 2nd reflective component 3022 which has the 
reflector leaned about 9 degrees similarly counter mutually, and joins on both sides of minute spacing 
which a light beam passes, and the roof-like opposite mirror is formed, the above-mentioned reflective 
components 3021 and 3022 - each crystal-face bearing (1 10) - and (1 1 1) - from ~ it consists of a 
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silicon substrate which leaned 9-degree slice include angle, a field (1 1 1) is exposed by etching, and the 
(111) field is made into the plane of composition of each mirror chip and a frame. The bottom plate 
section 3026 and the plinth section 3025 which has an angle hole 3030 in the center are really fabricated 
with sintered metals, such as Fe, etc., two or more terminals 3027 penetrate a support base through an 
insulating material, and it is held. It joins to the plinth section 3025, the frame 3007 piled up on the 
mirror substrate 3020 is held, and the above-mentioned angle hole 3030 serves as space which the 
mirror substrate 3020 rocks. Connection of the electrode drawer pad is carried out to the upper limit of 
each terminal 3027 by wire bonding. A module is fixed to the circuit board, while a module dashes the 
base of the bottom plate section of a support base against the circuit board, and is mounted, the lower 
limit of a terminal 3027 is inserted in the through hole of the circuit board and the electric connection by 
soldering is made. Moreover, it is equipped with the box lid-like covering 3029 with which the aperture 
3028 which a light beam passes was formed, and the interior is filled with inert gas in the rim of the 
plinth section 3025, and the closure is carried out to it. In addition, by choosing the low gas of a viscous 
drag as inert gas, or making the interior into a reduced pressure condition, in case an oscillating mirror 
chip is closed by 3029 with a support base and covering, since the mirror substrate 3020 can be vibrated 
more by the low load, the deflection angle of a mirror substrate can be enlarged. 
[021 1] Next, the sectional view of an above-mentioned light-scanning module is shown in drawing 37 . 
Including the revolving shaft of the mirror substrate 3020, to the normal of a component side, a light 
beam passes through an aperture 3028 and a through hole, and carries out incidence of the inside of a 
field perpendicular to a component side (inside of a vertical-scanning cross section) to the mirror 
substrate 3020 by whenever [ about 20-degree incident angle ]. It is reflected after that in the 1st 
reflective component reflector 3023, and incidence of the light beam deflected in respect of the mirror of 
the mirror substrate 3020 is again carried out to the mirror side of the mirror substrate 3020, and then it 
is reflected in the 2nd reflective component reflector 3024. Reflection is repeated, moving the location 
in a vertical-scanning cross section between the 2nd reflective component reflector 3024 and the mirror 
side of the mirror substrate 3020 ( drawing 37 of this example 3 times of repeats), and it passes through 
a through hole, and injects at the include angle of 20 degrees to an incident ray and the opposite side to 
the normal of an incident ray and the include angle of about 40 degrees, i.e., a component side. 
[0212] At this example, even if the deflection angle of the mirror side of the mirror substrate 3020 is 
small, the scan angle with a big light beam is made to be acquired by carrying out the multiple echo of 
the light beam in respect of the mirror of the mirror substrate 3020 in this way. That is, if the mirror side 
of the mirror substrate 3020 inclines by torsional vibration, the multiple echo of the light beam is carried 
out to a revolving shaft and a perpendicular direction, and whenever [ angle-of-reflection / of a light 
beam ] increases, whenever it is reflected. It becomes so large that there are many counts which the scan 
angle theta which is the include angle of the light beam to inject when the deflection angle of N and the 
mirror substrate 3020 is set to alpha is 2Nalpha, and reflect the total count of reflection in the mirror side 
of the mirror substrate 3020 here. Since the total count of reflection of a light beam [ in / the case of this 
example shown in drawing 37 / at a **5-degree deflection angle / the mirror side of the mirror substrate 
3020 ] is 5 times, 50 degrees of scan angles are acquired. 

[0213] Drawing 38 shows the light-scanning equipment which used the above-mentioned light-scanning 
module. According to the scanning direction of a laser beam, the sequential array of the light-scanning 
module 3031 is carried out on the circuit board 3032 in which the drive circuit of semiconductor laser 
and the drive circuit of the mirror substrate of an oscillating mirror chip are formed. Moreover, in each 
light-scanning module 3031, the sensor is arranged on the circuit board 3032 at the scan initiation side 
of a light beam. The optical system which scans a laser beam to each light- scanning module 303 1 
consists of semiconductor laser 3033, a coupling lens 3034 and the 1st lens 3035 that constitutes scan 
optical system, and the 2nd lens 3036. In housing, it is arranged and the 1st lens 3035 and the 2nd lens 
3036 are fixed so that the side face of each lens may become parallel to the field which an optical axis is 
respectively in agreement in a vertical-scanning cross section including the revolving shaft of the mirror 
substrate of the light-scanning module 3031, and a laser beam scans. Connection of the lead tenmnal is. 
carried out for semiconductor laser 3033 to the circuit board 3032 by the flexible cable using the 
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general-purpose component into which the source of luminescence and the photodiode for monitors are 
built. The circuit which manages modulation control of semiconductor laser 3033, the circuit which 
impresses a driving pulse electrical potential difference to the fixed electrode in an oscillating mirror 
chip are formed in the circuit board 3032. The laser beam injected from semiconductor laser 3033 
becomes the focusing flux of light which converges in the direction perpendicular to the scanning 
direction of a laser beam to the abbreviation parallel flux of light in respect of the mirror of an 
oscillating mirror chip in the scanning direction of a laser beam with the coupling lens 3034 which is the 
cylinder side where the 1st page has the aspheric surface of axial symmetry in the direction of a vertical 
scanning, and the 2nd page has curvature. Incidence of the laser beam is carried out to a light-scanning 
module through an incidence mirror, and it is deflected and scanned and is injected by the oscillating 
mirror chip. Image formation of the injected laser beam is carried out by above-mentioned scan optical 
system on a scan layer-ed, and image recording is made, a synchronous mirror arranges just before the 
2nd lens 3036 ~ having - the light beam by the side of scan initiation ~ reflecting ~ a sensor - setting - 
- the include angle of the mirror side of an oscillating mirror chip ~ a variation rate is detected and a 
synchronizing signal is generated. Based on this synchronizing signal, with time amount, the modulating 
signal which put pixel data is given to each semiconductor laser 3033 by LD mechanical component, 
and it is turned on and off by the pulse train which changes within the scan whose frequency is 1 time. 
[0214] Since the mirror part of the oscillating mirror chip in a light-scanning module has the mirror side 
here in the side and the opposite side where a frame is combined, there is no distortion of a mirror side 
when it is made to reflect a light beam in the part of a mirror side where the reinforced beam which 
constructs a bridge has not combined the inside of a frame and a frame with a mirror part, and a light 
beam reflects in the high part of surface smoothness, the stable shape of beam can be obtained and it is 
desirable. 

[02 1 5] Drawing 39 shows an example of image formation equipment which used above-mentioned 
light-scanning equipment. The toner cartridge 3044 which supplies a toner to the developing roller 3043 
which adheres and develops the toner charged in the electrostatic latent image recorded on the perimeter 
of the photo conductor drum 3041 which is the scan layer-ed of a laser beam by the electrification 
charger 3042 charged in high pressure in a photo conductor and light-scanning equipment 3040, and a 
developing roller, and the cleaning case 3045 which carries out the scraping stockpile of the toner which 
remained in the drum are arranged. To a photo conductor drum, a main scanning direction is divided as 
mentioned above, and latent-image record is performed, the detail paper is supplied by the feed koro 
3047 from a medium tray 3046 ~ having ~ a resist roller pair ~ it is sent out by 3048 according to the 
timing of the recording start of the direction of vertical scanning, in case a photo conductor drum is 
passed, a toner is imprinted by the imprint charger 49, and it is established with a fixing roller 3050, and 
is discharged by the paper output tray 3052 with the delivery roller 3051. The image based on pixel data 
as mentioned above can be formed in the detail paper. 

[0216] As mentioned above, although the example of this invention was explained, this invention is not 

limited only to the configuration of these examples, and various deformation is allowed. 

[0217] 

[Effect of the Invention] As explained above, its mirror substrate is large, and since claim 1 thru/or 7, 
and light-scanning equipment according to claim 9 to 23 suppress deformation of a mirror substrate and 
can maintain the surface smoothness of a mirror side even if board thickness becomes thin, the shape of 
beam and light scanning by which the focal location was stabilized are possible for them. Furthermore, 
light-scanning equipment according to claim 2 excels [ degree of freedom / of the shape of beam which 
can use the whole mirror side surface since it is usable ] in versatility greatly. Furthermore, pressing 
[ whether the increment in the moment of inertia of a mirror substrate can be performed, and ] down 
light-scanning equipment according to claim 3, it can control effectively deformation of a part far from 
the beam of the mirror substrate which is the easiest to produce deformation, and can really form the 
reinforcement section easily with a mirror substrate according to a semi-conductor process. Furthermore, 
light-scanning equipment according to claim 4 also controls torsion deformation of a mirror substrate , 
effectively, and light scanning in the still more stable shape of beam of it becomes possible, and it can 
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really form the reinforcement section easily with a mirror substrate according to a semi-conductor 
process. Furthermore, light-scanning equipment according to claim 5 raises the bond strength of a beam 
and a mirror substrate, and can improve the dependability of equipment. Furthermore, light-scanning 
equipment according to claim 6 can make the area of a movable electrode able to increase, and can 
lower the driver voltage of a mirror substrate. Furthermore, light-scanning equipment according to claim 
7 can make moment of inertia of a mirror substrate small, and can attain low-battery-ization of driver 
voltage. Light scanning in the shape of beam which could maintain surface smoothness, without distort 
the monotonous section also at the time of vibration only at the time of quiescence since rigidity was 
maintainable, lightweight-ize a mirror substrate according to rib structure while reinforcement is high 
and excel in endurance, since it really consisted of shaping, cover light scanning equipment according to 
claim 9 over moving part from a supporter, therefore was always stabilized becomes possible. Since 
light-scanning equipment according to claim 10 can raise the location precision of the medial axis of 
vibration with the rib which can suppress effectively deformation of the direction and the parallel 
direction which intersect perpendicularly with a torsion beam, extends a torsion beam further, and 
penetrates a mirror substrate with the rib which trims a mirror substrate at the time of vibration, the 
stable scan shape of beam can be obtained. Since the whole mirror side surface can be used for light- 
scanning equipment according to claim 1 1, the degree of freedom of the shape of beam which can be 
used is large, and its versatility is high. Since a rib is arranged in the direction which inertial force hears 
greatly at the time of vibration, light-scanning equipment according to claim 12 can reduce deformation 
of a mirror substrate more effectively, and can obtain the stable scan shape of beam. Since a rib is 
arranged by the shortest die length in the direction which inertial force hears greatly at the time of 
vibration and light-scanning equipment according to claim 13 can suppress the increment in weight of 
the mirror substrate by this rib to the minimum, it can make reduction of a deflection angle min. Since 
light-scanning equipment according to claim 14 can make smaller deformation of the mirror substrate of 
the direction which intersects perpendicularly with a torsion beam, and an parallel direction, can be 
strong also to torsion deformation of a mirror substrate, and can obtain the stable scan shape of beam 
and can suppress the increment in weight of a mirror substrate to the minimum, it can make reduction of 
a deflection angle min. Light-scanning equipment according to claim 15 can obtain the scan shape of 
beam which vibration by which the mirror substrate was stabilized was obtained since the center of 
gravity of a mirror substrate came on a revolving shaft, therefore was stabilized. The scan shape of beam 
which the stable vibration also with little deformation of the direction of a beam of a mirror substrate 
was obtained, and was stabilized more by light-scanning equipment according to claim 16 since the 
center of gravity of a mirror substrate came to the core of the direction of a revolving shaft on a 
revolving shaft can be obtained. Since light-scanning equipment according to claim 17 or 18 can ease 
the stress concentration by deformation of the mirror substrate at the time of vibration and can reduce 
crack initiation, its endurance improves. The location gap of light-scanning equipment according to 
claim 19 at the time of torsion rotation of the beam irradiated by the mirror side is. lost, and its scan 
location precision of a reflective beam improves, light-scanning equipment according to claim 20, 21, or 
22 - an electrode surface product --****-- since it can hear, electrostatic torque is made to increase, 
without raising driver voltage, and the deflection angle of a mirror can be enlarged. To a structural 
material, since there are few defects, dependability and endurance of according to claim 23 light- 
scanning equipment improve, and since processing is easy, it is excellent also in cost. Moreover, since 
the viscous drag of mirror oscillating space becomes small, light-scanning equipment according to claim 

26 can acquire a big deflection angle by small driving torque. Moreover, it is excellent in the field of 
power consumption and silence compared with equipment write-in [ optical ] which uses a rotating 
polygon while light scanning in the stable shape of beam is possible for equipment [ according to claim 

27 ] write-in [ optical ]. Moreover, image formation equipment according to claim 28 is excellent in 
light scanning in the field of power consumption and silence compared with the configuration which 
uses a rotating polygon while it scans a photo conductor by the stable shape of beam and can form the 
electrostatic latent image of good quality on a photo conductor: Moreover, according to the manufacture 
approach according to claim 8, since the mirror substrate and the reinforcement section of light-scanning 
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equipment according to claim 1 to 7 can really be fabricated using a semi-conductor process, 
manufacture by low cost is attained in the light-scanning equipment in which light scanning is possible 
in the light beam configuration stabilized by suppressing deformation of a mirror substrate and 
maintaining the surface smoothness of a mirror side. Moreover, according to the manufacture approach 
according to claim 24, since the moving part of light-scanning equipment is really formed, 
reinforcement can realize the light-scanning equipment which was highly excellent in endurance, since 
the manufacture approach according to claim 25 is easy the production process, it is advantageous in 
cost ~ etc. - the effectiveness of ** can be acquired. 

[0218] Moreover, according to invention according to claim 29 to 19, a mirror substrate is large-sized 
and lightweight, and sways, an angle is large, and deformation of the mirror substrate at the time of 
actuation can be reduced, and a light-scanning module equipped with the oscillating mirror chip which 
can obtain the stable shape of beam, and this oscillating mirror chip, light-scanning equipment, and 
image formation equipment can be offered, and the manufacture approach of an oscillating mirror chip 
[ that it is easy and low cost ] can be offered. 



[Translation done.] 
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